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ABSTRACT 

This Student guide, one of a series of correspondence 
training courses designed to improve the job i|>erf ormance of members 
of the Marine Corps, deals with the skills nfeieded by air conditioning 
mechanics. Addressed in the four chapters, or lessons, of the manual 
are the following topics: principles of air conditioning, 
refrigeration components as applied to air conditioning equipment, 
procedures for servicing air conditioning equipment, and commercial 
and tactical air conditioning units. In a seperate section following 
chapter 4 are 4 review units corresponding to the 4 lessons in the 
guide. Each unit contains a reading assignment, a lesson objective 
statement, and a written assignment consisting of a series of study 
questions for that unit. (MN) 
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PREFACE 

Air-Conditioning Mechanic has been designed to provide Marines, Corporal and below, in 
MOS 1161, with a comprehensive coverage of air conditioners and air-conditioning systems. 
Combining the principles presented in this course with on-the-job training will prepare 
Marines to install, operate, test, maintain, and perform limited repairs to alr-conditloning 
units and systems. 
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Chapter 1 

PRINCIPLES OF AIR CONDITIONING 

1-1. INTRODUCTION 

a» GeneraU Some 30 to 35 years ago places such as schools, office buildings, factories, 
and homes were not air conditioned. About the only place to get cool on a hot, humid day was 
the local movie theater, and even there the humidity was not controlled; just the temperature 
was lowered. Most people in those days relied upon a system of fans or a nice shady spot on 
the back porch to get cooU World War II, as it did to so many technical fields, brought about 
a big change \n air conditioning. A large dtmand for improved technical methods and higher 
industrial production resulted in a need for improved equipment and techniques with regard to 
controlling atmospheric conditions. Today, tiie armed forces, as well as industry, have 
reached a point where highly trained personnel are needed to operate the equipment that controls 
our environment. The day of the pedestal floor fan and the small oscillating fan are gone. We 
now depend on machines to control and condition the air that surrounds us. We have advanced 
to thr* point that proper control of atmospheric conditions has become almost a necessity. For 
example, electronic equipment will corrode and become useless because of high humidity, 
Training aids, data processing machines, photographic laboratories, storage vaults, hospital 
laboratories, and operating rooms must all be air conditioned to Insure that the air Is kept 
dust free, and that temperature and humidity are maintained at a prescribed level. Air con- 
ditioning is also necessary to maintain the health, morale, and efficiency of troops. People, 
along with the equipment they work with, require satisfactory working conditions and climate. 
To keep pace with the ever-increasing technical naTare of the mission of the Marine Corps, the 
development and installation of air-conditioning equipment has become a necessity. Air con- 
ditioning is the process of conditioning the atmosphere in a given space in order to maintain a 
predetermined temperature -humidity relationship to meet optimum comfort and technical re- 
quirements. This process includes both cooling in the summer and warming in the winter. 

b. Purpose of air conditioning. Today air conditioning is used by the military to control the 
environment in which troops and equipment operate. This environmental control extends not 
only to the temperature cf the space, but to controlling the humidity (moisture content), re- 
moval of foreign and undesirable particles from the air, and distribution of the conditioned air 
throughout the space. Moisture, heat, and foreign particles enter the air in many ways. The 
human body gives off heat and moisture. The average adult engaged in light work will give off 
approximately 500 Btu's (British tY rmal units) of heat per hour and will consume and u^ve off 
about three pounds of water daily. Equipment will give vp heat to the surrounding atmosphure 
either through friction caused by mechanical Vnotion or by heat created by electricity flowing 
throUfTh wires, contacts, motors, etc. Moisture and foreign particles can enter a conditioned 
space through windows, doors, minute cracks, ventilation systems, and by people carrying 
them on their person and clothes. In order to maintain an environment at a specific level of 
control, alr-cf>nditioning equipment is used to raise or lower temperatures, remove moisture 
and foreign particles, and -to distribute air evenly throughout the space to be controlled. 

1-2. HEFHIGEHATION THEORY 

a. General . In order to become a successful mechanic in any field, you must first under- 
stand the principles and theories that make the equipment work. Since air-conditioning equip- 
ment works on the theory of refrigeration, let us first stuiiy the oasic principles and theories 
behind refrigeration theory. 

b. Heat . Every . substance contains heat but some will have more than oth rs. Heat Is 
produced by the movement of molecules within a substance; the more the molecules move, the 
hi^ncr liic ii^niptn c^Lui tr uf tlic .^Uu^lanco L»cc*jiiit:*^. It Liicrcfcrcj fcllCiSvo lliat th'? ^^nnoaite is true; 

the more slowly the molecules move, the lower the temperature, Put another way, the more molec- 
ular antion, the more heat produced and tne less molecular action, the less hea. produced. It 
would aLso follow that a complete lack of molecular action would produce a complete lack of 
lioat nr absolute zero. The terms hot and cold are often heard, hot meaning a high temperature 
and cold meanin^j a low temperature. Cold cannot be produced but is simply the result of re- 
moving heat. This is done by slowing the molecular action within a substance. Once the 
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molecular action of a substance is slowed, the result is not the production of cd\d but the pro- 
duction of a lower degree of heat. Heat cannot be los' or destroyed, but it can be transferred 
to another substance. Heat will travel in one direction only; from an object or substance of a 
higher temperature to one of a lower temperature. This transfer of heat will often cause many 
substances to change their state; from a solid to a liquid, liquid to a gas, or vice versa. There 
are different types of heat and different methods of heat transfer. Let's first look at some dif- 
ferent types of heat. 

(1) Sensible heat. Sensible heat is heat that raises or lowers the temperature of a substance ■• 
without changing its state; that is, without changing it from a solid to a liquid, from a 
liquid to a gas, or vice versa, ^ ^ 

(2) Specific heat. This is the amount of heat, in Btu's, that is required to change the 
temperature of one pound of a substance one degree Fahrenheit, Some substances 
require more heat than others to produce this change in temperature. Since water ' 
is used as the basis of comparison for specific heat values, the specific heat of water 
is 1.0. All other substances have specific heat values either aboVe or below this fig- 
ure. Figure 1-1 shows the specific heat value of a few common substances. The a- 
mount of heat necessary to cause a desired temperature change in a substance can be 
calculated quite t.^sily. Simply multiply the weight of the substance by its specific 
heat by the desired temperature change in degrees Fahrenheit. Expressetd as an 
equation it would be: amount of heat to be add'^d or removed in Btu = weight x specific 
boat X temperature change in degrees Fahrenheit. 

Example: How many Btu's must be added to 20 pounds of copper to r^ise Its 
temperature from 40° to 65°F? Specific heat of copper is . 095 
(fig 1-1). 

Solution: Btu = 20 x .095 x 25 

Btu = 47.5 

This formula will work unless the temperature change desired would cause a change of 
state. 



specific Heat 



MATEHIAL (giy |) 



Wood 327 

Water 1. 

Ice 504 

Iron .129 

Mercxiry . 0333 

Alcohol 015 

Copper . 005 

Sulfur 17? 

Glass 187 

Graphite . 200 

Brick 200 

Glycerine . 57r» 

Liquid Ammonia at 40° F . I. I 
Carbon Dioxide at 40° F. . . .6 
Methyl Chloride at 40° F. . .38 
Sulfur Dioxide at 40^ F. . . . . 35 



Fig 1-1. Specific heat values. 

(3) Latent heat , Latent heat is heat that is added to or removed' from a substance 
rausina that substance to change stat« (i.e.; melt, freeze, boil, or condense) 
while remaining at the same temperature. As you know, water can exist at 32^ F 
in liquid form and also in solid form (ice). In order for water to change from 
liquid to solid it is necessary to remove an amount of latent heat* In order for 
it to change its state from ice back to water, the same amount of latent heat must 
oe added. This is known as tbe latent neat of fusion or melting. There is another 
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latent h ^at, the latent heal of vaporization or condensation. As it is possible to have both 
water and steam at 212^ F, it would then follow that a certain amount of heat is neces- 
sary to cause the change of state. The amount of heat required to cause vaporization 
or condensation of water is 970 Btu's per pound; to cause fusion or melting, 144 Btu's per 
pound would be necessary, 

(4) British th ermal unit (Btu) , A Btu is defined as vhe amount of heat required to raise the 
temperature of one pound of water one degree Fahrenheit. Conversely, if water is 
cooled, Btu's would be removed. There are no instruments for measuring Btu's but 
they can be calculated by the temperature change. 

Example: How much heat would be required to raise the temperature of 73 
pounds of water from 33° to 73°F? 

Solution: Btu = wt, x degree change 

Btu = 73 X 40 

Btu..= 2920 . 

Example: If you .lad 50 pounds of water and wished to lov/er its temperature 
from 80^ to 3j^F, how much heat would be removed? 

Solution: Fitu = wt, x de^jree change 
Btu = 50 X 48 
Btu = 2400 



(5) lieat transfer . Heat can be transferred from an object of higher temperature to one 
of a lower temperature. The transfer of heat will take place until both objects reach 
the same temperature. There are three methods of transferring heat: conduction, 
convection^ and radiation. 

(a) Conduction (fig 1-2). Conduction of heat is accomplished by transmitting heat from 
one part of an object to another part of the same object or from one substance to 
another when the substances are in direct contact. This can be seen in figure 1-2. 
By placing one end of the metal rod in the flame, it will become warmer than the other 
end. The heat will flow along the rod raising the temperature of the cold end. Metals, 
such as iron, copper, or silver, are good conductors of heat; other materials, such as 
glass and cork, are not. Materials that offer a low resistance to the flow of heat are 
called conductors; those that offer a high resistance to heat flow are referred to as insu« 
lators. Conduction is aided by providing large surfaces of good heat-conductors. 




Metal -rod \ 
Bunsen burner 



Cold end of rod becomes hot 



Fig 1-2. Heat transfer by conduction. 

{u) c;()nv(?ction Ui^ l-^J. Conveciion can ne expiainea oy foiiowm^ inc priiioipic bunuKi 
a siniph? heating systom such as the one sliown in fi^^u 'c 1-3. First, air is heated 
and allowed to escap*^ into an area where thn air is cooler. Since air expands when 
it irf iH?ated, it becomes lighter than cold air. The cold air will flow under the hot 
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air, forcing the hot air to flow above the cold. As the temperature beqomes equal- 
i'/ccl, the air will begin to fall back towards the heating source and the cycle begins 
over. Convection Is aided through the use of fans, such as In a forced-convection 
heating system. 



^ HEAT TRANSFER 
BY CONVECTION 




(c) 



Fig 1-3. Heat transfer by convection. 

Radiatio n (fig 1-4). This Is usually accomplished through use of heating coils and 
a reflecting surface. The heatirc? colls will produce the heat and the reflecting sur- 
face will direct the heat toward a given area. Since dark colors usually absorb 
heat and light ones reflect it, heat transferred by radiation is. usually provided with 
a background of white or silver. 



HEAT fKANSFM 
CY RADIATION 




. haatar 



Fig 1-4. Heat transfer by radiatlpn. 



c. Temperature and its measurement . 



(1) General . The relative degree of a substance's warmth is called temperature. This 
is not to' be confused with the quantity or amount of heat in a substance, but is merely 
the sensible or measureable warmth of the substance. An ordinary thermometer Is 
used to measure temperature. There are twc types of ^calfes in common use today to 
measure temperature, Fahrenheit and centigrade. Both of these scales were arbitrar- 
ily chosen by scientists and both emploj a glass tube of uniform bore, a bulb at the 
bottom of the tube, and contain a liquid, usually mercury or a-cohol. The Fahrenheit 
scale is divided into 180 equal divisionK between the freezing (also meltmg) ard boiliug 
point of water, whereas the centigrade scale is divided into 100 divisions. V.'r.ter will 
freeze (melt) at 32° on the Fahrenheit scale and boil at 212°. On the centigrade scale, 
water freezes at 0° and boila at 100°C. A comparison of the two scales can bo seen 
in figure 1-5. W?.tpr v/aq chosen as a standard for these thermometers because it has 
a very constant freezing and boiling point, and is an exuemeiy uuiuuion r/jbstan'^p- 
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TO COflVCRT DCOIICE 
CeNTlQIIAD£ TO DEOMEE 
rAHMNHCil, use FOflMULA 



::2 TO CONVCHT DC«IIC 
-li fAHHeNHClT TOOCMEE 



WATER 




FAHRENHEIT 



CENTI6AA0E 



Fig 1 -5, Comparison of Fahrenheit and centigrade scales. 

(2) Conversion . Although the Fahrenheit gcale is most commonly used in air-conditioning 
work, it sometimes becomes necessary to convert Fahrenheit to centigrade and vice 
versa. To convert Fahrenheit to centigrade, subtraci 32 from the Fahrenheit temper- 
ature and multiply the remainder by 5/9, i.e., 0=5/9 (F-32>. To convert centigrade 
to Fahrenheit, multiply the centigrade temperature by 9/5 and add 32°. Expressed as 
a formula, F= 9/5 C+32. 

Example: Convert 41°F into centigrade. 

Solution: C= 5/9 (F - 32) 

C= 5/9 (41 - 32) 

C= 5/9 (9) 



C= 5/9 X 9/1 
C- 5° 

Example: Convert 20°C into Fahrenheit, 
Solution: F= 9/5 C+32 

F= 9/5 (20) + 32 

F= 9/5 X 20/1 + 32 



F=^ 36 + 32 
F= 68° 

d. Pressure. 

(1) General , Before an air conditioner. can operate properly, a pressure difference must . 
exist across the system. Pressure is expressed as the force per unit of area exerted 
on supporting surfaces, usually expressed in pounds per square inch (psi) or pounds 
per square foot. The atmospheric or air pressure that is exerted on the human body 
at soa level is 14,7 psi. Every substance will exert a pressure on the surface that 
supports it. For example, a table will exert pressure on the floor through its legs, 
A Ikjuld, .^uch as water in a pail, will exerl pressure on the bottom . ad sides of its 
container, A j?as, such as helium in a balloon will exert a pressure on all sides of Its 
r.ontainer to an extent that depends on the temperature and the volume of the gas. 
Gases and liquids have a definite pressure-temperature-volume relationship wnich is 
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of f^reat Importance to the proper operation of an air-'jonditioning unii or system. This 
relationship will be discussed in paragraph l-2e, 

(2^ Measurinfi pressure . Pressure is commonly measured with a gage. However, it can 
also be indicated in inches of mexcury or inches or feet of water, A standard atmos- 
pheric pressure of 14,7 psi (atmospheric pressure ^t sea level) will support a column of 
mercury of 29,92 inches and a coUimn of water of about 34 feet. Pressure measured 
with a gage v/ill be measured above atmospheric and is stated as pounds per square 
inch gage (psig). Pressures below atmospheric are usually indicated in inches of mercury. 
When working with air-conditioning equipment it will often be necessary to use absolute 
pressure (psia) for proper computation of pressure and volume. Absolute pressure is 
gage pressure plus atmospheric pressure. In order tu convert gage pressure to abso- 
lute, you simply adc' 14.7 to the gage reacUng. ^ 

Example: What is the absolute pressure when the pressure gage read^ 30 psi? 

Solution! 30 + 14.7 = 44,7 psia.* ^ 
\ 

e.' Pressure-temperature-volume relationship . Understanding the relationship of pressure, 
temperature, and volume and their effect on refrigerants is vital in understanding the refriger- 
ation cycle of an air-conditioning system or unit. The pressure-temperature-volume relation- 
ship of gases is expressed by three laws; Boyle*s law, Charles' law, and the general gas law, 

Boyle's law states that the volume of a gas varies inversely with its absolute pressure, 
provid'.d the temperature remains constant. Stated as an equation; V.P^ = ^2^2' ^^y^^'s law 

•can be stated iii simpler terms by saying; when the temperature is held constant, increasing 
the pressure on a gas will cause a proportionate .decrease in the volume; decreasing the pres- 
sure will cause a proportionate increase in the volume. For example; a volume of gas, say fdve 
cubic fert (cu ft), is placed in a cylinder and a piston exerting a pressure of 50 psig is inserted 

-in the, end of the cylinder to hold the gas in. Now, if the pressure on the piston is increased to 
250 psig, the piston would move into the cylinder until the volume is decreased to one cu ft. If the 
pressure was decreased to psig^ the piston would move out of the cylinder until the volume was 
10 cu ft. 

Charles' law states that the volume of coiiflned gas varies proportionately to its sbsolute 
temperature, provided the pressure is kept constant, Likevise, the pressure varies propor- 
tionately, to the absolute temperature, provided the volume remains constant. Stated more simply: 
when the pre33ure Is cen-^Jtar't, increasing the temperature o^ a gas will cause an equal increa. J 
in lis volume. When the volume is kept constant, an Increase in temperature will cause an equal 
increase in pressure, Ev.pressed as formulas: 

Constant pressure V^Tg = VgT^ 
Constant volume P^Tg = ^2^^! 

The general gas law is a combination of Charles* and Boyle's laws and expresses the re- 
laiiunship between^the^volume, the absolute pressure, and the absolute temperature of gases. 
The general gas lawls exprossed by the equation: = 

It should be noted here that whenever any of these formulas are used only absolute pres- 
sures and temperatures are to be used. It should also be noted that we have said that volume 
and temperature of gas are different after the pressure changes. It is important ♦o note how- 
ever, that the temperature change will take place while the pressure changes. Compressing 
the gas raises its temperature; expanding the gas lowers its temperature. As you will see this 
is an important factor in the refrigeration cycle, 

1-3, THE REFRIGERATION CYCLE 

a. G eneral , The refrigeration cycle is common taall machines made for lowering and con- 
trolling't^iR temperature in our everyday living. This cycle produces a lower temperature through 
utilization of pressure differences and phase changes. The changes necessary to produce and con- 
trol the pressure differences are made through the tise of two systems: the compression system and 
the absorption system. These two systems differ in that the compression system uses mechan- 
ical energy to produce the necessary change in conditions and the absc^^tion system uses heat 
energy, * 
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h. Compregs^lon HyHtem (fig 1-6); The compression system produces a lower temperature 
by employing the theory of latent heat, pressure differences, and heat tx'ansfer. The transfei' 
of heat is accomplished by using a liquid (refrigerant) which vaporizes at a low temperature and 
pressure. Once the vapor has absorbed the heat, it is compressed and raised to high temper- 
ature and pressure^ It is then condensed back to a liquid - thereby dissipating the heat. Thus 
this cycle consists of a high-pressure side and a low-pressure side. As the piston^oves down, 
low-pressure gas enters the compressor through the inlet valve. As the piston starts ap, the 
vapor is compressed increasing the tenij^erature and pressure, (This temperature increase is 
greater than the temperature of the cotDling medium which surrounds the condenser, ) When the 
piston approaches the top of the cylinder, the discharge valve opens and the high-pressure, high- 
temperature vapor moves to the condenser. The condenser, a series of tubes, is suf rounded 
by a cooling medium (usually air or water). The latent heat of condensation is surrendered to 
the cooling medium and the ^vapor becomes a high-pressure, high-temperature liquid. From 
here the liquid flows on to the receiver, which is merely a storage place for the liquid until It 
Is needed by the^ refrigerant control (usually an expansion valve). The expansion valve reduces 
the pressure of the liquid and meters it Into the evaporator, where it absorbs heat from the 
area to be coo^'^^d and vaporizes to a low-pressure, low-temperature gas. Then the gas enters 
the suction line leading to the compressor completing the cycle, A study of figure 1-6 will show 
that the refrigeration cycle is divided In half with respect to pressure. From the compressor, 
through the condenser and receiver to the expansion valve is the high side of the oystem. From 
the expansion valve through the evaporator and back to the compressor is the low side. Regard- 
less of size and manufacturer's desipn of air-conditioning equipment, the refrigeration cycle 
of all ccmpreesion systems will be the same. 
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vi^ 1-6, Compression system, 
1-4, COMPONENTS AND CIIAllACTERISTICS OF AIU 

a. Characteristics of air> Air is not a single substance, but is a mixtt^re of various f^ases. 
Approximately 20'^;. of the air is oxygen; a little loss than 80% is the inert ^as nitrogen; about 
0,0M • is carbon dioxide; an i the rest (less than 1'!'.) is a mixture of argon, helium, krypton, 
ii(M)n, Konon, and hydrogen. These are the components of dry air. Air will aljo contain foreiim 
rnn^tcr and water vapor. It is affected by weather conditions artd is subject to gain and loss of 
heat. Since air-conditioning equipment must be able to remove water vapor and foreign matter 
from the air and countera9t the effects of weather and heat gain or loss, it is necessary for you 
to know how each of those things will affect the design, construction, and mstallation oi air- 
conditioning ocjuipment, 

1-7 



ERIC 



I 



Korel^>n materials . The air that is tfsed for air conditioning or ventilation contains many 
Impurities ranging from carbon (from incomplete combustion), dust (from the fjround), to rtib- 
ber particles from tires, .plant pollen^and lint from clothing. The size, quantity, and type of 
dust particles picked up by a system vary over a wide range. The atmosphere may include 
many particles of dust smaller than 5 microns (1 micron is approximately 0.001 millimeter or 
about 0,J0004 in J, However, many of the dust particles are larger than 800 microns, or 
about 1/32 In, Figure l-t shows a comparison scale of dust particles in microns. 
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Fig 1-7, Atmospheric dust particles. 

c. Removing foreign materials . Since air-condltloning intakes are usually placed near 
horizontal surfaces from which all this foreign matter canie picked up and distributed, the 
system must conf^^ a filtering device of some kind. Removing dust particles from air that is 
to bo used by an air-conditioning system can be accomplished by any of the following methods 
of filtration. 



(1) Air washing. 
water. 



This is done by forcing the air through a spray chamber or a screen of 



(2) jJiTy filtering . These nilers are made of porous material such as steel wool, wire 
screen, animal hair, hemp fibers, fiberglass, or glass wool. The air passes through 
the filter and changes directic.x several times. The dust particles will collect o/: the 
fibers, thus cleaning the air, 

.) 

(3) Wet filters. Wet filters are made up of the same materials as a dry filter; however, 
they are coated with a viscous material, usually oil. The air passes through them and 
dust particles ar - collected in the same manner as with the dry type. As dust particles 
c. llect in both the dry- and wet-type filters, resistance to the flow of air through them 
is increased. These filters will have to be cleaned or replaced depending on whether 
they are the cleanable or throw-away :ype. 

(4) Electrostatic filters. These filtpri.* remove dust particles by passing the air between 
two electrodes and imparting an electrical charge to each dust particle. Then the air 
is passed between parallel plates. The electrostatic field that is created between the 
charged plates and the grounded plates drives the charged partic?es to the grounded 
plates where they accumulate. The grounded platen are usually coated with a thin 
layer of oil to insure that the dust particles stay on the plates. 

# 

(5) Centrifugal separation . To filter dust particles from the air in this method, the air Is 
circulated at high speed. The centrifugal force that is created will force the dust out 
of the air, 

d. Air and water vapor . Because air-conditioning equipment musl be able to maintain a 
certain humidity level (depending on the equipment's design) and the humidity level of the air 
depends on the amount of water vapor that it contains^> you should be familiar with how water 
vapor affects the air. Water is usually present in air, however, it will vary in quantity fro^ni 
day-to-day uepciiuin>4 llie weailier. water vapor in preaen* in air aa tin Irrv'oiMlc gac and i3 
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In the form of Bupor»heatod steam. However, when air is cooled to the dew point, 
steam in the air starts to condense and may appear as a mist or condensation on cold surfaces. 
Water vapor is not absorbed or dissolved air; it is simply mixed with air as you might mix sand 
and water. The temperature of the watex* vapor and the air is always the same. 

(1) Saturated air. Saturated air is air that contains all the water vapor it can possibly hold. 
This can be compared with a can filled with sand. Although the can is completely filled 
with sand, there will jftlll be airspaces in it. If you were to pour water over the sand 
until all the spaces were completely filled/ as soon as no more water could be added, 
you could say that the sand is saturated with water. The same is true with air. Air 
will hold different amounts of water vapor. When it is holding all the water vapor pos- 
sible, it is saturated. Tlifc amount of moisture in the air at its saturation point varies 
with the temperature of the air. The higher the temperature of the air, the more mois- 
ture it can hold. 

(2) Dew point . The saturation point of air is usually referred to as the dew point. If the 
temperature of air falls below itQ dew point, some of the water vapor in the air must 
condense to water, generally into drops. The dev.' that appears on foliage early in the 
morning is condensation. Dew will normally form when the air is moist and there is 

a drop in temperature. The sweating of cold pipes is also the condensation of dew from 
the moist air coming in contact with the cold surface of the pipes. Similarly, water vapor 
condensing on surfaces with temperatures lower than 320 p will form as frost or Ice. 

(3) Condensation of saturated air . Condensation of water vapor from the air can take place 
at any temperature below the dew point. In nature, moisture is condensed on foliage and 
other sunaces as dew If the dew point <s above 320 F. If the temperature is below freez- 
ing, the moisture condenses as fi ^s** Above the earth's surface, it condenses as mist; 
when the mist is very thick, tue rr. 'ure is called fog. If such condensation on dust 
particles is high in the air, the fog -en called a cloud. Under certain conditions of 
sudden cooling with a great amount ^ ..ondensetion, the droplets g.ow so large that they 
can no longer float in the air and tUy fs^ll as rain. Sometimes a layer of air at a temper- 
ature below 32°F exists in a high storm area. Through this cold layer, raindrops may 
be carried up and down several times by air currents until they freeze and fall as hail. 

In cold weather, when the temperature is below 32°F, condensation on the dust particles 
in the air forms snowflakes, 

1-5. AIR TEMPERATURES AND THEIR MEASUREMENTS 

a. Air temperature. 

(1) Sensible heat of air. Sen-ible heat is measured by dry-bulb temperature, i.e., the 
temperature of the air iiself without regard to the humidity that it may contain. Sen- 
sible heat is the heat of dry air, 

(2) Latent heat of air. A complete absence of moisture in air rarely occurs. Probably 

the only places on earth that this condition could be found would be in the desert regions. 
Any water vapor that is present in the air contains the latent heat that made it a vapor. 
I^his latent heat of the moisture in the air is the latent heat of air, 

(3) Total heat of air. Air as it exists around us is a mixture of sensible heat and latent 
heat. The total heat of air would be the ^um of the sensible and latent heats. 

b. Air temperature measurements. Since air conditioning deals with the various heats of 
air and the condensation of the moisture in it, throe different temperatures must be considered 
hrfore you can understand and control the operations of air conditioning. These are dry-bulb, 
wtn-bulb, and dew-point temperatures. 

(1) Ui y-bulb temperature. This is a measure of sensible heat in the air and is measured 
with an ordinary thermometer. The dry bulb does not take into account the latent heat 
of the moisture In the air. 



^2) Wut-bulb temperature. This iR an ordinary thermometer that has had its temperature- 
scnaitlve tip covered with a piece of fabric, usually cotton or wool, which has been dip- 
ped in clean, fresh water (preferably distilled). The fabric must be clean, completely free 
from oil, and It must also be thoroughly saturated with water. The wet-bulb thermometer 
will measure the ability of the air to absorb moisture. Therefore, the wet-bulb reading 
will be lower than the dry-bulb, unless the air is already 100% saturated with moisture. 
The wet -bulb thdrmometer will Indicate the total heat of the air that is measured. The 
difference between the wet-bulb reading and the dry-bulb reading is known as the wet- 
bulb depression. What happens is that air moving over the saturated fabric will cause 
the moisture in the fabric to evaporate'. Since evaporation requires a transfer of heat, 
the heat will be drawn from. the thermometer's bulb. Therefore, the wet-bulb reading 
will be lower by a Certain number of degrees. The drier th^ air that ic measured, the 
greater the wet-bulb depression. 

^3) Dew-pQint temperature . The dew point depends on the amount of water vapor in the air. 
If air at a certain temperature is not saturated and the temperature of this air drops, 
a point will be reached at which the air is saturated. At this temperature, condensa- 
tion begins. This is the dew-point temperature of the air for the quantity of water vapor 
that is present, 

(4) Relationship between the temperatures, 

(a) When the air contains some moisture, but is not saturated, the dew-point temperature 
will be lower than the dry-bulb temperature and the wet-bulb temperature will be 
somewhere between the two, 

(b) As the amount of moisture in the air increases, the differences in the thre^ temper- 
atures will become less. 

(c) Once the air becomes saturated, all three temperatures will be the same. 

c, . "^sychrometry. The word psychrometry means the measurement of cold. It is the name 
that has been given to the science that deals with air and water vapor mixtures. The amount of 
.vater vapor in the air has a great influence on human comfort. This atmospheric moisture is 
called humidity. The expression, "It isn't the heat, it's the humidity," is an indication of the 
popular recognition of the discomfort prpduced by moisture -laden air in hot weather. 

(1) Relative humidity. Water vapor mixed with dry air in the atmosphere is known as 
humidity. The weight of the water vapor, which is expressed in pounds or grains 
occurring in each pound of dry air, is called specific humidity. The amount of mois- 
ture that 1 cubic foot of air holds at any given time is its absolute humidity. For ex- 
ample. If a gallon bucket is 1/2 full of water, it is 50% full. If a cubic foot of air that 
c ould hold 4 grains of moisture, actually contains only 2 grains, it is 50% full. The 
ratio of the amount of moisture which the air does contain to what it could contain is 
called the relative humidity. Generally it is the actual absolute humidity divided by 
the absolute humidity of the saturated air at a given temperature. The equation would 
be: 

( actual grains of water vapor per pound of dry air ^ 
maximum grains of water vapor per pound of dry A x 100 
air that could be contained at the given temperature I 



(An instrument used to measure relative humidity is called a hygrometer), 

(2) Psychro meters, Instruments for measuring both wet- and dry-bulb temperatures at the 
iiime time are known as psychrometers. There are several different types of psychro- 
meters. The one which you will use the most is a sling psychrometer (fig 1-8) which is 
made up of a wet- and dry-bulb thermometer mounted side by side on a common base with 
a handle that enables the whole ^p^^a rat us to be whirled around in the air. The fabric cover- 
ing on the wet bulb Is saturated^;vith distilled or clean, fresh water and then the entire appa- 
ratus is whirled around in the air (four or five times) as fast as possible until the wet bulb 
reaches its equilibrium. Then, a reading of both thermometers is quickly taken. The differ- 
ence between the two thermometers will depend on the relative humidity of the air. Another 
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type of pflychrometer is the aspiration type (fig 1-9). This is a pemanent setup. A 
small fan Is used to blow air past the two mounted thermometers until the wet-bulb 
equilibrium is reached. The wet bulb is saturated with water* by the fabric extending 
into a wetting well into which water is placed. 




Fig 1-8. Sling psychrometer. 
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Fig 1-9. Aspiration-type psychrometer. 

Some air-conditioning systems use recording-type psychrome*:ers. These psychro- 
meters are placed at various points in the duct system and provid*» a continuous record 
of both the temperature and the relative humidity, thereby eliminating the necessity for 
frequent sling psychrometer readings. Whenever possible, distilled vater should be 
used to wet the fabric on the wet-bulb thermometer since mineral deposits in tap water 
will build up on the fabric and destroy its capillary action. If a psychrometer is being 
used in an area where the air is heavily dust-laden and the mineral content of the water 
being used is high, the fabric should be changed after every use. 

(3) Psychrometric charts. These charts are used in conjunction with psychrometer read- 
ings to find the properties of a given quantity of air. There is no practical way of iso- 
lating water vapor from the air and actually counting the grains of moisturo in It. How- 
ever, a wet-bulb depression is easily obtained and it is a direct index of the amount of 
moisture present in the air. The relationship between the wet-bulb depression and the 
graini3 of water per p ;und of dry air can be plotted on the psychrometric chart. With 
no more than the wtl and dry psychrometer readings, it is possible to determine rela- 
tive humidity, dew point, moisture content in grains, and the total heat and volume per 
pound of dry air. Figure 1-10 sh:)ws a psychrometric chart which Is constructed for 
standard atmospheric pressure at sea level, (29,92 inches of mercury). Other charts 
arc constructed for high altitudes and situations where abnormally low surface pres- 
sures exist. 
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(a) Use. To use the psychrometric chart, assume that thp readings taken with a sling 
rTsychrometer w.jre 85°F dry bulb and 70.8°F wet bulb. Locate the dry-bulb tem- 
perature (850p) a. .he bottom of the chart. Plot the 85° line straight up, then find 
the 70,8°F wot-bulb temperature line located along the top curved line on the chart. 
Plot a'line slanting downward from left to right, a fraction below and parallel to the 
71° line until it intersects the 85° line already plotted. You will no Ice that the point 
of intersaction is near the 50% relative humidity line (the heavy curved line). Now plot 
a line horizontally to the left until it intersects the wet-bulb scale; this will give you 
a dew point of 84. 5° F. The steep diagonal line running through the wet- and dry-bulb 
intersection point tells yo\j that 1 pound of air under these conditions will occupy ap- 
proximately 14 cubic feet. Projecting a point horizontally to the right will show that 
there are 91 grains of water per pound of dry air. Total heat, found by following the 
wet-bulb Mne upward to the left, is 34.70 Btu per pound of air. This is the heat repr 
repented by dry air plus the latent heat that is present at tUis degree of partial satur- 
ation (50% relative humidity). Now try a sample problem. 

Sa mple problem. Assume that your sling psychrometer readings were 95°F 
diy bulb and 86"F wet bulb. Find the relative humidity, dew-pomt, cubic feet 
oer pound of dry air, grains of water per pound of dry air, and total heat. 

Answers: 

Relative humidity '3% 

Dew point = 84 F 

Cu ft per lb of dry air =14.52 

Grains of water per lb of dry air ... = 178 grains 

Total heat n 50. 3 Btu per lb of dry air 

(b) Application . Most air-conditioning systems are designed t6 produce 74° to 80°F dry- 
bulb temperature and maintain a relative humidity between 45% and 50% in the air- 
conditioned space. By using the psychrometric chart and the sling psychrometer. 
you are able to determine whether the equipment is operating efficiently and meeting 
design conditions. Air that is too "wet" prevents moisture from evaporating from 
the skin and causes more discomfort than air that is too warm. Therefore, obtain- 
ing the' relative humidity of the air-conditioned spaces should be the first step in 
estimating the performances of air-conditioning equipment. If a system has been 
properly designed and installed, high humidities can be traced to improper operation 
of refrigeration system components or to an increase in the volume of air (cubic feet 
per minute) that is delivered to the air-conditioned spaces by the system s blower 
or fan Common, sense tells us that the air luavlng the evaporator coils must be lower 
than r^om temperature in order to produce a cooling effect. This temperature dif- 
ference is usually between 15° and 20o. However, the exact difference is determined 
by the volume, in cubic feet per minute, of air that is delivered to the space. The 
larger the volume of air, the less temperature difference is necessary between the 
room and the air leaving the evaporator coil. Conversely, the less the volume of 
air the greater the temperature difference required.. Size and placement of cool 
air'outlet grilles determine the velocity of the delivered air as well as its volume 
per minute. Initially, this is a design problem in which the objectives are to supply 
sufficient cool air to take care of the heat load and to keep air velocities down to a 
point where objectionable drafts and noises are prevented. 
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Fig I'' 10 Pcychrometric chart. 
1-13 



ERIC 



17 



18 



1-6. MKASUHINd AIH VKI.OCITffiS 



a. Airflow, Proper distribution of the cooled air is vital to the satisfactory operation of an 
air-conditioning unit. To calculate the volume of air in cubic feet per minute needed per ton of 
refrigerant capacity, the following factors must be known: (1) The predetermined difference 
hetv^een inside iir (inside dry-bulb design temperature) and the tempe -ature of the air leaving 
the cooling coils, and (2) the sensible heat load of the conditioned space. After the volume of 
air delivery has been determined, the system can be checked for proper operation by measuring 
the air velocity v.t coil faces, grilles, and in the interior of ducts (there are various instruments 
used to measure the air velocity). Any reduction in the amount of air that is being delivt-red will 
indicate that either the flow of air is being blocked by the accumulation of frost, scale, or 

flurft or) the evaporator coils; or that improper maintenance of the blower and associated 

duel work is causing a loss of efficiency. The most common instruments used to measure 

air velocity are the manometer, pitot tube, anemometer, and the direct-reading velocity meter, 

b. Manometers , There are two types of manometers used to measure air velocity: the 
U-type (fig 1-11) and the slant type (fig 1-12), 
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Kig 1*1 !• U-type manometer. Kig 1-12, Slant-type manometer. 

The U-type manometer measures the pressure In two places; Its scale is calibrated In Inches of 
water. It Is used to measure the pressure difference between an air passage and the atmosphere, 
or between two separate passages. To do either one, use flexible tubing to connect whe openings 
of the manometer to the spaces to be measured. The gage rending will be the pressure which Is 
exerted on the free flowing liquid and will be In Inches of water. The slant-type manometer Is usu- 
ally used to measure the pressure drop across a filter in a duct system. The slant-type manom- 
eter operates nuich the same as the U-type, but must be perfectly level wheneve: .t Is used. It 
is also used with the pitot tube to determine air velocity within a duct system, 

tUtot tube (fig 1-13), The pitot tube, used in conjunction with i slant manometer, will 
(h^termine the total velocity pressure in a duct system in inches of water. The pitot tube is 
const ruolod rif two tubes, one enclosed in the other. The end of the tube is' placed in the air 
passaup sf) that the opening in the end of one tube will pick up the airflow and measure the total 
pri^-^suro. The other opening consists of small holes along the side of the tube (arranged so the 
air will flow past them) and measures the static pressure. When these two pressures are con- 
iw'ctrtl la slant nianoruetpr, th(» difforonco betwoen thom wtU bo ihi* velocity in inches 
\vai(M\ !>> insun* correct velocity readings in a duct, several readings should be taken in dif- 
fi.-n-nt f)lac<vs in the duct and the readings averaged, 

d. Direct flow velocity meters (fig 1-14), "rius type volo-^ity meter is calibrated to read 
•hi.' lir- \«»lf)rit\ in H^^t por minuto. It may be placed directly in tho air strtrani or may !)« con- 
npct»Ml thrnui.{h a fh xiblp tube to special jets which permit the taking of velocity readings, 
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Fig 1-13, Pitot tube. 



Fig 1-14. Direct-reading velocity meter. 



e. Anemometer (fig 1-15). The . anemometer Is u^ed to measure air velocities at duci open- 
ings. It is moved across the entire urea of the duct opening for a given period of time and the 
average velocity in feet per minute is calculated. 




Fig 1-15, Anemometer. 
1-7. COOLING REQUIREMENTS 

Maintenance personnel need not be thoroughly versed in the intricate design computations 
of an air-conditioning system. However, they should be familiar with the many factors that 
affect the design computations and the capacity of a particular unit. Before alr-condltloning 
equipment Is Installed In a particular space, an estimate of the hourly heat load In Btu's Is 
made. This estimate includes heat that Is created by solar radiation, moisture Infiltration, 
lights, power equipment, sunlight coming through windows, latent and sensible heat given off 
by people, and the amount of actlvlt> within the alr-condltloned space. This estimate will not 
apply throughout a 24-hour period during the cooling season. However, the equipment is 
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designed to operate efficiently under all of the combined effects of the heat-producing factors. 
As a result of the estimate, it is decided to Install equipment that has so many "tons" of cooling 
capacity. One ton of refrigeration \?\ equal to the removal of 12, 000 Btu's per hour. This would 
be equivalent to the cooling effects of melting 1 ton of ice in 24 hours. Such design data can be 
obtained from charts and original design specifications, and should be used to analyze the per- 
formance of any individual air-conditioning system. 
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REFHIGEKATION COMPONENTS AS AIMM.IED TO AIU -CONDITIONING EQUIPMENT 

2-U GKNEKAL FUHPOSE AND APPLICATION OF l{EFRIGEHATION COMPONENTS 

^* t^urpose . Hefri^reration equipment cools, dehumidifies, and distributes air to a gi/en 
area» Air-conditioning equipment must al&o be able to remove impurities such as smoke, dusi, 
and other particles from the air used to condition a given space. The requirement of removing 
heat and moisture remains the same; however, the methods of distributing the air and the ad- 
ditional requirement of filtration become quite complex. Methods of distributing the conditioned 
air range from delivery into the space through louvers and grilles in the front of the unit (such 
art with a window unit) to delivery through intricate duct systems. Filtration of impurities from 
the air is accomplished by simple fiber filters to the more complicated electrostatic filtering 
method. Although air conditioning is usually associated with providing comfort, the military 
uses only a small percentage of air-conditioning equipment for this purpose. Personnel effi- 
ciency, safety, and protection of materials are the primary concerns of the military. Areas 
such as operating rooms, clinics, recovery rooms, and similar medical facilities must have 
controlled temperatures and humidities at all times, Th^ same applies to storing of instrum , 
electronic gear, armament, specialized machinery, training devices, and certain explosives. 
Other operational facilities that require air conditioning wc 'Id be photographic laboratories, 
telephone switchboard rooms, communication centers, control towers, and certain Indoor train- 
ing are-m. Obvious reasons for the need to control temperature and humidity in areas housing 
these facilities and materials are to control corrosion and deterioration and to pmvent equip- 
ment failure. In some of these areas it is necessary to control the humidity at a specific lovel. 
For Instance, operating rooms are kept at a relative humidity of 55% to prevent static electricity, 
whereas spaces housin^^ certain machinery an ' electronic equipment must be kept at or below 45% 
relative humidity. The wide var.'.ety of uses for air-conditioning equipment on a military base 
. lako it necessary for maintenancjf: personnel to be forever studying to keep up with the advances 
that are being made in the field of aii* conditioning, 

b. Application , Refrigeration comp* lents similar to those used In refrigerators, iceplants, 
freezers, etCc constitute the mr^st imro..tant portion of air-conditioning systems. Component 
pj^rts such as compressors, condensers, evaporators, metering devices, receivers, etc, are 
very similar and the theory that underlies the use of these components is essentially the sanie 
for each unit. The factors, however, that govern the design and arrangement of the equipment 
for the specific purpose of conditioning a given air space are different. In this chapter we will 
discuss the use of Lhese components and their use within an air-conditioning system, 

2-2, COMF^HESSOHS 

a. General , The purpose of a compressor within an air-conditioning system is to remove 
the heat-laden refrigerant gas from the evaporator, compress it to condensing pressure, and 
move it along to the condenser* Compressors are divided into three types: reciprocating, 
rotary, and centrifugal-. These threcj types can be manufactured in three different ways: open, 
semi-sealed, and hermetic (sealed). The opei. -type compressors are manufactured so that all 
parts avfi accessible for repair or replacement and the drive motor is usually connected to the 
compressor by drive belts. The semi-sealed compressors eliminate the drive belts and the 
necessity for a crankshaft seal, thus avoiding two major maintenance problems. The hermetic 
type is a completely sealed unit and eliminates oth.ir maintenance problems. The hermetic 
comp.ejisor will be discussed in paragraph 2-2e, 

b. Rec ip rocating compressors tTig 2-1), A reciprocating compressor is very similar to a 
2-cycle gasoline engine. Many of its components are similar not only in appearance but in 
their use, FUstons, connecting rods, bearings, crankshafts, and valves are employed in the 
construction of a reciprocating compressor. The cycle of operation is also similar in that the 
inttike is on the downstroke and the exhaust is on the upstroke. The refrigerant gas is pulled 
into the compressor through the intake or suction valve on the downstroke of the compressor. 
When the (Alston reaches the termination point of its downstroke and begins its upstroke, the 
intake valve closes. As the piston ascends, the refrigerant vapor is compressed to condensing 
pressure, the exhaust or discharge valve opens, and the compressec^ refrigerant vapor is al- 
lowed to escape to the condenser. Figure 2-1 shows the operating cycle of a reciprocating 
compressor, 
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Fig 2-1. Operating cycle of a reciprocating compressor. 

c, Rotai*y compressor . This type compressor is used in many small-tonnage units to con- 
vert low-pressure, low-temperature refrigerant vapor to high-pressure, high-temperature 
vapor. These compressors are simplicity itself in that they have very few moving parts, '.^here 
are two types of rotary compressors — stationary -blade and rotating-blade. In the stationary- 
blade lype (fig 2*2), an eccentric is mounted on the shaft or thyshaft itself is cammed (enlarged 
on one side) so that it rides constantly around the ou^ar wall oTthe c 4nder or chamber. A 
spring-loaded blade is mounted in the wall of the cylinder or chambir so that it separates the 
intake and outlet ports or valves, and maintains a constant pressure on the eccentric or shaft. 
As the eccentric, or the cammed surface revolves within the cylinder, the low-pressure vapor 
enters the cylinder, is carried around the cylinder while being compressed, and is finally 
forced out the '^utlet port. The blade keeps the compressed vapor from escaping to the intake 
side of the compressor. In the rotating-blade compressor (fig 2-3), the blades are mounted on 
the shaft (which is mounted eccentrically in the cylinder) and rotate with it. The low-pressure gas 
enters the cylinder through the inlet valve, and is trapped between the blades, and is compressed 
while it travels around the cylinder. The gas escapes through the outlet valve as the blades pass 
by it. It is kept from escaping back to the Inlet side by the extremely close clearance between the 
blades and the cylinder walls, and the presence of lubricating oil which causes a pressure-tlght 
seal. ^ 
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Fig 2-2. Schematic of rotary compressor, stationary-blade. 
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Kig 2-3. ScUematic of rotating-blade compressor, 

ft 

d. Centrifugal compressor (fig 2-4), Centrifugal compressors are used in large air- 
conditioning systems. These systems handle large volumes of refrigerant gas at low pressure. 
Centrifugal compressors operate on the principle of centrifugal force tq compress the gas and 
discharge it to the system. The refrigerant is fed into a housing wht>re there is a rotating disk 
complete with impeller blades (fig 2-5). The impeller rotates at a high speed forcing the gas 
out against and around the housing to tht discharge port. Because the efficiency of these com- 
pressors will vary with their speed, they are usually run at speeds much higher than the speed 
of their drive motors. Therefore, centrifugal compressors are usually equipped with a step-up 
gear train. 
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FifT 2-4, Cutaway view of an enclosed 
centrifugal compressor. 



Fig 2-5. Impeller from a centrifugal 
compressor. 
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e« Hermetic compressor (fig 2-6), The most commonly used compressor in self-contained 
mlUtttry air conditioners today is the hermetic compressor which has the motor rotor and the 
compressor crankshaft built as one complete unit. Then the entire motor/compressor is sealed 
into a gas-tight- housing. The hermetic compressor is relatively maintenance free as it elimi* 
nates compressor shaft seals, flywheels, motor pulleys, and belts which cause many mainte- 
nance problems. However, because it is a sealed unit, the valve plates become inaccessible 
and cooling of the unit becomes a major p'^oblem. Manufacturers have attempted to solve the 
cooling problem by several methods. One is to press the starter into a dome located on one 
end of the sealed housing, Thia provides easy heat transfer from the windings to the casing 
and then to the surrounding atmosphere. Another method is to pass the returning gas around 
the windings before it is compressed. This does, however, present a problem because the gas 
may become warm enough to cut down on the volumetric efficiency of the compressor. The 
hermetic compressor is by far the easiest to maintain, but if Internal problems do arise, the 
entire unit must be replaced since none of its parts are accessible for repair or replacement. 
Hermetic compressors vary in size from 1/16 hp up to 20 hp. The internal design will depend 
on the compressor's size and the manufacturer. Some are spring mounted internally, while 
others are spring mounted externally. Small hermetics have a single cylinder, while 1/2 hp 
"and up will have two or more cylinders. Small hermetics use drive motors that are single 
phase, 2- or 4-pole motors, but the larger hermetics generally use 3-phase motors. 



2-3, CONDENSERS 

a. General , The functioii of a condenser in the refrigeration cycle of air- conditioning equip- 
ment is to convert the high-pressure hot gas into a high-pressure liquid. This is accomplished 
by the 'ondenser removing the latent heat of condensation from the refrigerant vapor. Conden- 
sation continues until enough of the refrigerant becomes a liquid at the pressure-temperature 
balance which exists in the high side of the system. Condensers can be generally classified as 
either air-cooled or evaporative. 




FIELD 



'HOUSING 



ROTARY COMPRESSOR 



Fig 2-6, Cutaway of a hermetically sealed rotary compressor. 
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b, Alr-coolod conUenaera ; Air-cooled condensers consist of either bare tubing coils or 
finnod tubing coils over which air is circulated, Ii- Hmall units, static airflow Is used over 
bare tubes, while in larger units, fans are used to draw or blow ai» over the surface. The air 
surface of a condenser is increased through the use of equally and closely spaced fins, 

(1) In forced-convection-type units, fans are driven by the compressor motor or by a sep- 
arate motor in the case of hermetic compressors. To increase the efficiency of a con* 
denser that uses forced convection for cooling, a metal casing or shroud is u^ed. This 
Causes a funnellng of the air and directs all air movement over the condenser's surface. 
These condensers are frequently built with 2 or 3 layers of tubes and are firned, 

(2) Some large commercial types of air-conditioning units will have the condenser mounted 
outdoors away from the rest of the system. The refrigerant vapor is pumped from the 
compressors through the compressor discharge line to the condenser and the liquid is 
piped back to the building. These condensers are usually quite large, dissipate a large 
amount of heat, and ire forced-convection type. Figure 2-7 shows a schematic of a 
simple static-type condenser while figure 2-8 shows a forced-convection type using a 
finned surface and a fan. 



Refrigerant 
flow in 
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of the condenser 



Fig 2-7. Simple static-type air-cooled Fig 2-8, Forced-convection-type air- 

condenser, * cooled condenser, 

c. Water-cooled condensers. Water-cooled condensers are usually employed in large 
commercial-type air-conditioning units similar to those used in meashalls, clubs, post 
exchanges, hospitals, and storage areas. Condensers used in these type units are of 
two types, shell and tube type and tube-within-a-tube type, 

(1) Sh e 11 -and "tube t ype (fig 2-9). This type of condenser consists of a sealed tank or shell 
containing a copper coil or tubes. The hot refrigerant gas is admitted into the shell of 
the condenser and allowed to circulate around the tubes through which pre-cooled water 
is flowing. The latent heat of condensation is removed from the vapor and transferred 
to the circulating water. As the vapor cools and liquifies, it collects in the bottom of 
the shell. This type of condenser construction is advantageous as it is compact and 
eliminates the need for a receiver and fans. The shell-and-tube-type condensers are 
designed in two types. One has a water coil inside the shell while the other has a 
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number qf straight tubes inside the shell which are attached to wal jr manifolds mounted 
at either end of the shell. With the later design, the water tubes are easily serviced 
by removing the manifolds and running a pipe cleaner through the tubes. 




Fig 2-9, Shell and tube-type condenser (cutaway view). 



(2) Tube-wlthln-a-tube condensers (fig 2-10), With this type of water-cooled condensers, 
one tube is inserted into another. Cooled water circulates In the inner tube and the 
refrigerant vapor in the outer tube. This type conden^ser can be constructed In cylin- 
drical, spiral, or in a rectangular style using soft copper tubes* They can also be 
constructed by using straight copper pipes employing an end plate water manifold. 
These condensers employ a counter-flow method of condensing the refrigerant vapor. 
That is, the water enters the condenser where the refrigerant leaves and the refrig- 
erant enters where the water leaves. 
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Fig 2-10, Cutaway of a tube-wlthln-a-tube condenser, 

d. Evaporative condensers (fig 2-11), Those condensers operate on the cooling effect pro- 
duced by the evaporation of a small amount of water. Standard evaporative condensers are 
much like cooling towers In that they use a spray or drip chamber, a water-collecting pan, a 
motor-driven pump, a motor-driven fan, and are usually located outside, Additionally, it is 
necessary in an evaporative condenser to have a refrigerant condensing coll. Refrigerant 
vapor is circulated through the condensing coll, water is sprayed over it and air is circulated 
around the coll. The latent heat of condensation is transferred to the water, evaporating It, 
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and the uir carrlcM ofl' the limit. The refrigerant in the ooil then liquifies. Evaporative con- 
densers civn mountod Indoors; however, air ducts must be installed to provide the proper 
air clrculatlfln. 
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Fig 2-11, Schematic drawing of an evaporative condenser. 



2-4. RECEIVERS 

a. Use. A receiver Is used to temporarily store the high-pressure liquid refrigerant. 
Once tiieTefrlgerant is condensed, It passes to the receiver where the liquid Is collected and - 
kept until it is needed by the metering device, 

b. Construction , On units of 3 5 hp or less <.he receiver Is usually a cylindrical steel tank 
mounted on the base of the unit or underneath it. The receiver Is normally equipped with an 
Inlet valve (condenser service valve), outlet valve (receiver or king valve), and a pressure- 
relief safety device. The safety device is sometimes a simple fusible safety plug of low-melting 
point metal (about 160° F), or It can be a relief valve that opens at a preset pressure. This 
pressure can be from 210 to 260 psl, depending on the unit's design and type of refrigerant 
being used In the system. This type relief valve will close again when the pressure drops below 
Its pressure settings. Some receivers are equipped with a purging valve which Is used to purge 
air and noncondensibles from the system. Many receivers are also equipped with two or more 
test valves located at different levels In the receiver. These valves are also used to determine 
the height of the liquid level in the receiver. For the same purpose, other receivers are 
equipped with "bull's-eye" sight glasses, tubular glass gages, or magnetic or float -ope rated 
refrigerant -level gages. Figure 2-12 shows a liquid receiver. 
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Fig 2-12, Horizontal liquid receiver, 

2-5. EVAPORATORS 

a. Function , The evaporator is the device within a refrigeration system in which the re- 
frigerant is released and allowed to boil (or evaporate), thus removing (by absorption) heat 
from the environment, 

b. Types , As far as air-conditioning systems are concerned, only two general types are 
tionslttereih^^e^iiifeet-eacpaijsie^ 

(1) Dlrect-expanslon-coil evaporators . In this tjrpe of evaporator, the air to t cooled 
flows across the tubes and fins giving up heat to the boiling refrigerant in the tubes. 
This heat transfer causes the cooling of the air that is delivered to the environment. 
Direct-expansion colls can be either dry- or flooded-type valves. 

(a) In the flooded-type valve (fig 2-13), the refrigerant is metered into the evaporator 
coils by a float-type valve. This type of valve keeps the refrigerant in the evapor- 
ator at a constant level. In other words, as fast as the refrigerant boils away 
(evaporates), the float admits more liquid refrigerant to replace that which has been 
lost. This action of the valve keeps the evaporator almost full of refrigerant. The 
flooded-type evaporator is very efficient because vaporization of the refrigerant can 
only take place wherever it is in contact with the warm walls of the tubing. How- 
ever, flooded-type coils are of little use, and are rarely used in air conditioning 
because of the relatively large refrigerant charge that is necessary to keep the 
system satisfied, 

(b) The dry-type valve (fig 2-14) uses an expansion valve to meter the refrigerant into 
the evaporator. In this type, the refrigerant enters the evaporator primarily as a 
liquid and by the time it has traveled through the evaporator, it has completely 
vaporized. Therefore, the refrigerant in the greatest portion of the evaporator is 

a mixture of Jiquid and vapor. These types of evaporators are constructed with from 
two to twenty-two parallel circuits and are fed by one expansion valve. Some models 
use an additio».\al distributing device or devices, usually depending on capillary tubes, 
to evenly distribute the refrigerant to the separate circuits of the evaporator. The 
dry-expansion-coil evaporator is most commonly used in air-conditioning systems. 
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.Fig 2-13. Diagram of flooded-coil evapqrator. 
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Fig 2-14. Diagram of dry-expansion evaporator, 

(2) Shell-and-tube evaporators . With t e shell-and-tube evaporators there are again the 
two types, flooded and dry. In tht ilooded type, water is circulated through a tube 
bundle v/hich is located vvLthin a shell. The liquid refrigerant enters the shell and 
keeps the tube bundle about < i-half to three-quarters covered. The refrigerant boils 
and becomes a vapor by rei t / heat from the water within the tube bundle; thereby 
cooling the water so it can b > culated throughout the cooling system. 

in thu shell and tube (dry) type, the refrigerant is in the tubes and tMe WMter- 
iri circulated through the shell. In this type, baffles are employed so the water will 
pass the tube bundle many times. Shell-and-tube evaporators are rarely found in 
military air-conditioning systems. However, on some older posts a few may be found 
in use on old commercial systems. 

LINKS AND FITTINGS 



1 inos. rJie linos that are used to connect the components of an air-conditioning system 



touc^thor arc? usually made of copper tubing. However, some aluminum tubing is used and, in 
a .^ystt^ni that uses ammonia as a refrigerant, thin-wall steel tubing must be used since ammonia 
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deteriorates copper. All tubing that is used for air-conditioning systems should be kept clean 
and dry Inside. The ends should be kept sealed to insure that the tubes are kept clean and free 
of moisture in handling. Tubing can be sealed by using a cap or by crimping (pinching together} 
the ends. Copper tubing Is available in hard drawn and soft drawn types and comes in two wall 
thicknesses. K and L. K thickness has a heavy wall and L a medium wall. Most air-conditioning 
svstema use the L thickness. Both hard- and soft-drawn copper tubing are ava lable in many 
sizesr^^hrmost comLn of whic^ 3/16. 1/4. 3/8. 7/16. 1/2. 9/16. 5/8. 3/4. and 1 1/4 
In. OD (outside diameter). 

Soft-drawn copper tubing is available in 25. 50. and 100 ft. lengths, with the smaller 
sizes coming in the longer lengths. Soft-drawn tubing is quite flexible and is easily flared and 
bent. Because It is easily bent it must be supported with brackets ov clamps when used in a 
system. Soft copper tubing may become hardened through repeated bending, twisting, and 
hammering. When this occurs, the tubing should be replaced. 

Hard-drawn copper tubing comes in 20 ft lengths. Because of its relative stiffness it will 
require a minimum of clamps or brackets, especially in the larger sizes. Also, because of its 
hardness, hard-drawn tubing should not be bent. Solder type fittings should be used to make the 
tubing conform to system requirements. Whenever any type of tubing is installed in a system, 
it should be installed in such a way that no undue stress, strain, or vibration will be exerted on 
it. A good way to eliminate vibration is to use horizontal loops in the tubing when you are in- 
stalling it. 

b Fittings In order to make proper connections between air-conditioning components and 
-connectSithiiW^ttlngs are used. When the lines are of soft-drawn copper tubing, flare-type 
fittings are usually used. Hard-drawn tubing emplcys the use of solder type fittings. 

Flar.. fittings used in the mUitary are usually made of drop-forged brass and use either 
pipe thread, or Society of Automotive Engineers (SAE) National Fine Thread.. These fittings 
are carefully machined to form both the threads and surfaces. The fittings are sized according 
to^he tubing si..e with which they will be used. For instance, a 1/2 in fittmg will be used with 
a 1/2 in copper tubing. 

Solder fittingg are primarily used with hard- drawn copper tubing. This type of fitting is 
joined to the tubing w,ith solder rather than threads. Solder fittings are also sized according 
to the size tube they will be used with. Either hard or soft solder can be used with these fit- 
tings depending upon the internal pressures of the system with which they are used (soft so der 
low pressure, hard solder/ high pressure). The proper metho^ds of making a joint will be 
covered in chapter 3. 

2-7. ACCESSORIES 

Along with the major components and the lines and fittings that are necessary to make up 
an air-conditioning system, certain additional components known as accessories are used to 
further improve system efficiency. You may not find all of these accessory components in 
every system, but you will find one or more of these items. Components known as accessories 
are strainers, scale traps, dehydrators. sight glasses, fusible plugs, and heat exchangers. 

a. Strain ers and scale traps. Dirt and foreign matter have a way of entering a system no 
matter how hard you tiy to Keep them out. These particles will clog small openings and de- 
posit themselves on valve seats and mechanisms, causing improper operation of the system. 
In order to separate this foreign matter from the refrigerant flow, strainers or scale traps 
are used. They can be inserted in either the liquid or the suction line. Strainers can be con- 
structed of fine wire mesh, asbestos, steel wool, ^nd sometimes glass wool enclosed in a 
metal container. Scae traps are usually constructed with wire mesh which is removable for 
cleaning. There ar .• basically two types, cleanable and noncleanable. When a strainer or 
trap becomes clogged, there will be a temperature difference between its inlet aiid outlet. 
When this happen! either clean it or replace it. A strainer placed in the liquid line just be- 
fore the metering device heips prevent valve trouble and lengthens compressor life. Figure 
2-15 shows a sectional view cf a liquid line strainer and figure 2-16 shows a cleanable scale 
ti'ap. 
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Fig 2-15, Liquid line strainer. 



Fig 2-16, Cleauable scale trap. 



b, Dehydrators , Moisture in an air-conditioning system will cause a great many mainte- 
nance headaches. It will cause corrosion-produced restrictions at metering devices, oil break- 
down, and the formation of acids, A dehydrator, or drier as it is more commonly called, is 
used to remove any moisture that may be present in a system, 

n ) Construction * Driers are made of a tubular metal shell with fittings so that they can 
be installed in the liquid line. The shell is filled with an approved desiccant (drying 
agent). Strainers are placed In each end to prevent the diying agent from entering the 
system, 

(2) Desiccants, There are three approved desiccants for use In driers: sllica-gel, 
activated -alumina, and drierite (calcium sulfate). Silica-gel and activated-alumina are 
chemicals composed of millions of tiny .pores which absorb moisture as a sponge would 
water, Drierite absorbs moisture by chemical reaction, Slllca-gel la the best of the 
three agents and Is the desiccant usually used. It ^•etalns Its form completely while 

the other two yield a powderlike material as a result of their action. Driers using 
activated-alumina or drierite must have pads In the outlet to prevent this powder from 
entering the system, 

(3) Direction of flow . The direction of flow through a drier Is Indicated by an arrow lo- 
cated on a side of the shell. The drier must be Installed with the arrow polntlnp In the 
direction of the refrigerant flow. This prevents any of the drier filler or other foreign 

' material from entering the system, 

(4) Rechargln/T , There are basically two types of dehydrators, reusable and not reusable. 
The ones thai are not reusable are charged with a desiccant, spidered, and sealed by 
the manufacturer and are considered not chargeable. Others have a removable, gasket- 
sealed end from which the desiccant caA be taken out and replaced, Slllca-gel and 
activated-alumina can be reactivated by heating therr. to a temperature of 250° to 300OF 
for several hours. This can be done by placing the drier in an oven or by passing hot 
air through the drier. Figure 2-17 shows a cutaway view of a typical drier used In 
small systems. Figure 2-18 shows ia reusable-type drier, 

(5) Drier replacement. Most systems are eauipped with an Indicator that v III show If 
moisture Is present In It, These Indicators are usually color coded and will be located 
either at the drier or the sight glass. Manuals for each individual system should be 
consulted to determine which color Indicates a dry or wet system. If moisture Is In- 
dicated to be In a system, the drier should be replaced. Also replace driers any time 
a system Is opened for repair. Always be sure that the replacement drier le the same 
8i7e or larger than the one already present in the system. Never replace a drier 
with a smaller one. 
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Fig 2-17. Cutaway view of a typical drier. Fig 2-18. Reusable drier. 

c SiCht glass (flg 2-19). There are two types of sight glasses. One is an oU sigV" glass 
which is installed in the compressor crankcase to provide a visual means of checking the oil 
level. The other is a liquid sigh* glass, so named because it is installed in the liquid Une 
between the receiver and the metering device, after the drier. It s used to indicate the 
amount of refrigerant in a system arid to determine the condition of the charge. K the unit 
is fuUy charged the sight glass will appear perfectly clear. If it is undercharged, bubbles 
will appear. 

Note: Although bubbles indicate an undercharge, bubbles could also be an indication 

. of some other problems such as a restriction in the line ahead of the sight 

glass. 




SEAL NUT 



NEOFRENE SEAL 




Fig 2-19. Liquid sight glass. 

Fu-ible Dlues These plugs are safety devices located on the higlr. side of the system. 
The co re of h/pl^u^ s made of s'oft metal. ^If an excessive rise iu pressure or temperature 
were °o occur the soft core would melt, allowing the high pressure or temperature to escP.pe. 
^hr^lue L desired so that it will release well below the bursting point of the system's Lines 
Ld compLnt pfrt^^ all the vital parts of th« system are protected as well as person- 

nel who might be in tne area. 

e Heat excl angers. A heat exchanger is used to equalize temperatures between the liquid 
and Lu t onl^es/ltis' a simple enough device, consisting of either the 1^^"/^;^ ^ 
dered to the suction line or employment of a shell and tube type arrangement with he liquid 
Une passing through an enlarged portion of the suction line. Heat exchangers are used in 
systems employing capillary tubes as metering devices to prevent premature " passing off 
of the^iquW and to prevent condensation of the suction gases by warming the suction line. In 
°he cas?ol sjstems'employing expansion valves as metering devices, heat exchangers ar. 
used to prevent suction gases from condensing. 
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2-«. VAI,V?i AND CONTKOLS 



a« Service valves ^ For installation, maintenance and service, valves are located through - 
out an air-conditioning system. Service valves enable a mechanic to isolate one part of a sys- 
tem from the rest, perform maintenance services. Install gages or special controls, accomplish 
repairs, purge or charge a system, and to test a system for proper operation, 

(1) Two*way valve (fig 2-20). A two-way valve is a simple open-close valve with a packing 
gland around the stem to prevent leakage. This valve has many uses In an alr- 
condltlonlng system. It can be used as a receiver or condenser service valve, a charging 
or purging valve, a throttling valve, or It can be fitted with a tube and used to draw off 
liquid from the receiver. 



(2) Three-way valve (fig 2-21). This valve Is usually Installed for use as a compressor 
service valve. It has a service port with plug, a suction or discharge port, and a 
flanged port with gasket. The flanged port with gasket Is bolted to the compressor. 
Then a suction or discharge line Is connected to the suction or discharge port and the 
plug is Installed in the service port. To Install gages, vacuum pump or charging 
station, simply backseat the valve (stem screwed all the way out (fig 2-21 (A)), re- 
move the plug, and attach the instrument. To remove or open the compressor, the 
valve steza is turned until it Is closed, sealing off the rest of the system (fig 2-21 (B)). 
To read pressures, charge, or purge the system, the stem is turned ta Its middle 
position (fig 2-21 (O), 
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Fig 2-20. Two-way valve. 
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Fig 2-21. Three-way valve and its positions. 
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(3) Hcliofvalvo. This type of valve is usually installed on receivers or water-cooled con- 
densers as a safety device. It is set at a predetermined pressure and will open to re- 
lieve high pressure fi^om the system and thus prevent damage. 

(4) Line-check valve (fig 2-22). A line-check valve is installed in an air-conditioning sys- 
tern in order to maintain liquid refrigerant flow in one direction only. Any flow In the 
opposite direction promptly closes this valve. Line checks use either a flappe*- or ball 
as flow checks. In the type employing a flapper, the liquid flows much like a person 
passing through a bwinging door. Any attempt pf'the liquid to reverse its flow will 
push the^flappor back against the seat, stopping the flow. The ball-type valves works 
much the same way. The liquid flowing in the proper direction will push the ball out 

of the way. If the liquid attempts to flow in the opposite direction, the ball is pushed 
Lack on its seat and the flow is stopped. 




Fig 2-22. Typical refrigerant line-check valve. 

(5) Water-regulating valve (fig 2-23). In an air-conditioning system that employs a.water- 
cooled condenser using water from local water supply systems, water flow through 
the condenser is controlled by a water- regulating valve. This valve operates by a- 
predetermined condensing pressure. The valve is installed by connecting a capillary 
tube device to the discharge side of the condenser. This transmits condensing pres- 
sure to a bellows within the valve body. When the pressure rises to its predetermined 
poiift, the valve opens and water is allowed to flow. Conversely, when the pressure 
drops below this point, the valve closes. The range spring can be adjusted to the 
de-slred condensing pressure. 
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Vi^ 2-23. Water-rouulatin^T valve (sectional view). 
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h. [{oMifvrmn control. An air-conditioning unit ^^hicn operates automatically must.haye 
some typool* cnmrorio rt'duge tlio high-pressure liquid refrigerant to a low-pressure liquid 
refrigerant. This control must also be able to meter the low-pressure refrigerant into the 
ovaporator in proper quantities so that the evaporator will function at its highest efficiency. 
To accomplish this, a mechanical system will use either an expansion valve, float valve, or a 
capillary tube. Almost every air-conditioning unit or system that you wtil encounter in the 
military will use an (Expansion valve as its refrigerant control. However, you may, on occasion, 
find u unit or system that 'is still equipped with a capillary tube or a float valve to control the 
refrigux'unt flow to the evaporator, 

(1) Automatic-expansion valve (fig 2-24). An automatic-expansion valve consists of a 

needle valve actuated by spring tension and a bellows sensitive to refrigerant pressure,' 
The refrigerant pressure and the spring tension are on' opposite sides of the bellows 
and oppose each other. When the pressure is low, the spring forces the valve open, 
\rVher the pressure rises, it overcomes the spring tension and the valve closes. Ex- 
pansion valves are equipped with adjusting ficrews so that they can be set for tht de- 
sired pressure. Because these valves are aii'ectod by atmospheric pres'sure, adjust- 
ment must he made at different altitudes and these valves must have the same capac- 
ity as the compressor. A valve that is too small would starve (not enough refi iger- 
anl) the evaporator and cause the compressor to overwork, A valve that is too large 
would allow too much refrigerant to enter the evaporator and cause the suction line to 
sweat or frost. It could even allow liquid I'efrigerant to enter the compressor and 
flainagc it. 
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Fig 2-24, Cutaway view of an automatic -expansion valve. 

(2) Thermostatic expansion valve (fig 2-25), A thermostatic expansion valve (TEV) con- 
sists of a power element (complete with thermal bulb and power charge)^ capillary 
tube, and a bellows or diaphragm. The power element is mounted in the valve body 
which contains another bellows or diaphragm, a needle valve and seat, an adjusting 
spring and screw, and a filter screen in the valve's inlet port. Refrigerant flow is 
controlled by the difference between the pressure within the evaporator and the tem- 
perature of the thermal bulb. This pressure temperature difference is called the 
valve's superheat. The valve's power element controls the valve in such a way that 
the evaporator is kept almost full of refrigerant at all times and works as follows, 
Wicn pressure in the evaporator builds up, a motor controlling sensing device (either 
a thermostat or pressure control) will start the compressor motor. At the same time. 
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the thermal bulb (which is attached to the suction line at the outlet of the evaporator) 
will warm, causing the power charge to vaporize and increase the pressure on the 
power element's bellows or diaphragm. This pressure increase within the power ele- 
ment will cause the diaphragm within the valve body to force the needle valve away 
from its seat. The refrigerant can now enter the evaporator and will continue to^^o 
so until the- evaporator becomes almost full. Now the evaporator pressure will de- 
crease and the suction line will cool. As the suction line cools, the power charge in 
the thermal bulb will condense, relieving the pressure on the power element's dia- 
phragm. This decrease in pressure within the Rpwei' element lets the diaphragm 
within the valve body free the needle valve to c-lose, thus stopping the refrigerant flow. 
At the same ilme the motor controlling device will sense the change and stop the com- 
pressor. It should be noted that the refrigerant used as the power charge In'the t>.er- 
mal valve and the refrigerant in the system are usually the same. It should also be 
noted that only a vaive of correct capacity and of the same temperature ranges of the 
unit should be used, Figure 2-26 shows a cutaway view of a thermostatic expansion 
valv.e. 




Fig 2-25, Thermostatic expansion valve. 




Vig 2-26, Cutaway of a thermostatic expansion valve, 

(3) Capillary tube, A capillary tube, or cap tube as It is usually called, is used with 
thermostatic expansion valves, thermostats, some thermometeis, and multicircuit 
evaporators, as a distributing device and sometimes as a refrigerant control. A cap 
tube is a length of seamless copper tubing of small Inside diameter. Most of its 
length is usually coiled. The design of a cap tube depends on four variables: length 
of tube, inside diameter, tightness of tube colls, and tube temperature. The cap tube 
acts as a throttle by restricting the refrigerant flow, by reducing the temperature 
and the pressure of the refrigerant. In the last few feet of the cap tube, the refrig- 
erant has already started to vaporize and has reached evaporator pressure and tem- 
perature. With this type of refrigerant control, the refrigerant must be carefully 
measured as all refrigerant will pass to the low side when the compressor is in the 
off cycle and pressures will be equalized. The most important thing for you to re- 
member about cap tubes is their function in restricting refrigerant flow. 
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c, Solouold vulvu;;. 

(1) Principles , In order to tightly close or completely open a portion of, or a complete 
refrigeration circuit, solenoid valves are used, A solenoid valve consists of an elec- 
tromagnet with a movable core, valve needle, seat, elect *ical leads, and valve hous- 
ing. Control of a solenoid is accomplished with a simple electrical circuit, A solenoid 
Is constructed by attaching a valve needle to a movable armature, A coil is wound 
around the vaJ.ve housing and contains the armature. When the coil is energized 
the. armature is pulled up into the coil, pulling the valve needle away from its seat and 
opening the valve. When the coil is de-energlzed the weight of the armature will push 
the valve needle down onto its seat, closing the valve, 

JZE2S» There are three types of solenoid valv^^s in common use; 2-way, 3*way, and 
4-\vay or reversing valve, 

(a) A 2-way solenoid is a simple open/close valve that controls flow in one line only, 

(hi) A 3-way solenoid has an inlet that is always open and two outlets which are either 
open or closed depending on the position of the armature in the coil. Three-way 
solenoids have two valve needles or balls attached to the armature, 

(c) A 4-way solenoid^ often called a reversing valve, is used extensively in heat pumps. 
Small-tonnage air-conditi<jning units such as window units use a 4-way solenoid valve 
which is operated by a single armature that opens or closes several ports at once. 
These valves can be either electrically or manually controlled. Another type of 4* 
way solenoid valve is actuated by a pilot solenoid. When the pilot valve (which is a 
simple open/close-type solenoid) is actuated, the system's low-side pressure takes 
over and opens the internal three valvep, producing a heating cycle. When the pilot 
is de-energized, the internal valves close and the refrigerant flow Is reversed, caus- 
ing a cooling cycle, 

2-9, ELECTRIC MOTOR CONTROLS AND MOTORS 

a, Controls, Due to the changing-type load placed on component parts of an air-conditioning 
unit or system, and the possibility of failure of individual components or units, a variety of 
electrically operated controls are used. These controls respond to temperature^ pressure, and 
humidity changes. By regulating these variables you can control the system. For instance, as 
the temperature of a saturated refrigerant increases, the pressure also increases, If you were 
to control the temperature, you would also control the pressure. The opposite is also true. 
Each control will have a range and a differential. The range of a control is the width of the 
pressure or temperature band over which the control can be operated, For example, if you 
had a temperature control with a range of 0° to 50^ F, you could adjust it to operate anywhere 
within the limits of this band or range. The differential of a control is the difference in pres- 
sure or temperature at which a control cuts In and out, depending on the system and refrigerant 
used, tf a temperature control were set to cut In at 40° and cut out at 32°F, . the differential 
would be BO P. 

(1) Low-pressure cutout . A low-pressure cutout provides a way to stop the compressor 



whenever pressure in the low or suction side of the system is reduced to a predeter- 
mined point, This type control consists of a bellows or diaphragm that actuates 
the switch through a linkage-type mechanism. When the pressure In the low side 
reaches its low predetermined point, the bellows or diaphragm will open a switch, 
which in turn opens the motor contacts and stops the compressor. Whenever the pres- 
sure in the low side rises above another predetermined point the bellows or diaphragm 
will allow the switch and the motor contacts to close— restarting the compressor. 
Low-pressure controls are usually used as one-half of a combination low-pressure 
control and high-pressure safety cutout. The range and differential of a low-pressure 
cutout can be adjusted through screws seated on top of the control,. 

Low-pressure cutouts should not be confused with evaporator pressure regulators 
or/low-slde pressure controls which are simply throttling valves which maintains a con- 
stant pressure in the evaporator. These valves arc used to prevent the colls from 
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frofltlng, water from freezing, or to maintain a certain minimum air temperature of 
air flowing acrofls the colls. Low-pressure cutout valves will be wide open at any 
pressure above their settings and will only throttle back on the suction pressure as the 
compressor pulls the system down to valve setting. For Instance, If the valve setting 
Is 35 psl, the valve will be open If suction pressure Is above this setting. As the suc- 
tion pres'sure begins to fall to 35 psl, the valve will begin to throttle back. When the 
auction pressure on the compressor side of the valve falls below 35 psl the valve will 
throttle enough of the vapor to maintain t^e pressure on the evaporator side at. exactly 
35 psl. 

(2) High-pressure .cutout. The high-pressure cutout is a safety control which is 

used to protect personnel and equipment from abnormally high pressures which could 
cause injury or damage. This control Is connected Into the high side of the system 
through a small diameter tube or It can be connected directly to the cylinder head, A 
bellows Is attached to a plunger In such a way that any excessive head pressure will 
expand the bellows, pushing the plunger against the switch and shutting down the motor. 
A high-pressure cutout usually will have to be reset manually. This Is accomplished 
by pushing a reset button located on the control once the high pressure has been re- 
lieved. 

(3) Dual-pressure control (fig 2-27), A dual-pressure control Is a low-pressure cutout 
and a high-pressure cutout mounted In the same enclosure. Both controls act ae they 
would If they were mounted separately but they operate only one set of contacts. If the 
compressor motor was shut down because of an excessively high pressure, the control 
would have to be reset manually. If the low-pressure control was- controlling the com- 
pressor operation. It would cut out the compressor at the predetermined low pressure 
and cut-in would automatically occur at Its predetermined higher pressure. 





Kig 2-27. Dual pressure control. 
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(4) Oll-fallurf? cutout switch (fig 2-28), An oil-failure cutout is a time delay differential 
type control that iB usod to stop operation of a pressure-lubricated compressor when- 
ever the oil pressure drops below a saf^ limit. An oil-failure cutout operates on the 
difference between the pressure of the refrigerant in the suction or low side of the 
system and the oil pump discharge, The difference between these pressures is known 
as the usable oil pressure. To measure this usable oil pressure and guard against oil 
failure, an oil-failure cutout us^s two bellows which oppose each other. The auction 
pressure on one bellows and the oil discharge on the other« 

The time delay portion of the control allows the conapressor to run for approxi- 
mately two minutes before cutting off operation. This allows oil pressure to build up 
to normal operating pressure on initial compressor starting* If the oil pressure were 
to drop below a safe limit during operation, the time delay would stop the compressor 
within a given time period. The time delay stops the compressor by opening the circuit 
to the motor contacts. 






COVER REMOVED 



FRONT VIEW 



Fig 2-28, Oil-failure cutout switch, 

(5) Temperature controls. Temperature controls are much like pressure controls In de- 
sign, except for the addition of a thermal bulb and capillary tube. These contacts are 
used to stop and s^an a unit's compressor motor whenever the temperature on the ^ 
suction or low side of the evaporator falls below or rises above the differential of the 
control. The thermal bulb Is located In an area specified by the unit's manufacturer. 
When the temperature of that area rises above a predetermined level, It will cause a 
corresponding pressure rise in the thermal bul^). This pressure rise Is transported 



2-19 



40 



to the diaphragm through the capillary tube and overcomes any atmospheric pressure 
or spring pressure present. This movement of the diaphragm, which is connecto'^ to 
a switch through a linkage mechanism, will close the switch and the motor will start. 
As soon as the temperature falls below the control's lower point, the pressure in the 
thermal element will fall, allowing the spring or atmospheric pressure \o take over 
agala on the diaphragm. Then the switch will open, stopping the motor. 

(6) Motor starters . A motor starter Is the control which connects or disconnects the line 
current so that the compressor motor can be stopped or^starigd. 

(a) Simple starter , A simple starter Includes any switch or device normally used to 
stop or start a motor. For a small motor rated at 1/3 hp or less, fhe starter may ^ 
be the attachment plug connector and receptacle. For motors^ rated at 2 hp or less 
and 300 volts or less, the controller may be a general-use switch having an ampere 
rating of at leafit twice the full-load curren* rating of the motor. The simpiest- 

• method of control is an externally. operable disconnect switch, generally a circuit ' 
breaker or fused type. When fuses are used they should be the time-lag type V^hlch 
Is specifically designed for motor circuits. 

(b) Magnetic starter. Most motors abnve 1 hp are started by a magnetic -activated 
switch called an across-the-llne starter. These starters are made in various sizes 
and typ<»s. However, their principle of operation is basically the same. Magnetic 
across-the-line starters are constructed with two electrical circuits, the power 
circuit and the control circuit. 

U The power circuit consists of the contact points, line and motor terminals, and 
^ the heaters. The heaters are made of a metallic material that will dissipate heat 
in proportion to the current flowing through them. They are placed in series with 
the lower contact point and the motor terminal connection. Heaters do not usually 
come with the starter because they are rated in am- eres and must correspond to 
the ampere rating of the motor the starter is being used with. Whenever the beat- 
er detects an overload, it will break the circuit, stopping the motor. 

2. The control circuit consists of the cv^jrload contact points, retaining points, and 
the holding coll. The holding coll is the electromagnetic portion of the starter and 
is free to move. When the circuit is energized, the main contacts and the retain- 
ing points close. The holding coll keeps these points closed unless the circuit Is ' 
Interr. .ted either by an automatic control (such as a temperature or pressure con- 
trol), manually (stop/start station), or a cui^rent overload. 

(7) Defrost control. Most air-conditioning units and systems ?vill have a defrost control 
which will stop the compressor motor before the evaporator can get cold enough to 
freeze. These controls are much like temperature controls in that they have a tem- 
perature sensing device (thermal bulb), capillary tube, and a diaphragm, The dia- 
phragm is connected lo a single-pole, single-throw (SPST) -switch. When the evaporate 
temperature becomes too low, the thermal bulb will sense the change and open the ' 
switch stopping the motor. As soon as the evaporator has warmed again the control 
will close and the motor can start. These controls are usually factory set and 
should not be tampered with. 

b. Motors. Most air-condltloning units In use in the Marine Corps today are of the package 
type and are relatively small and compact. These units use single- and 3-phase motors to 
drive compressors and fan motors. Evaporator and condenser fan motors are usually driven 
by single-phase motors^ while compressors will usually use S-phase- power. However, some 
of smaller uni* • (4, 000-6, OOOBtuh) use single-phase motors for compressor drive. Most of 
the following information can be found in TM 5-670. It is Included here to explain the many 
types of motors and for future reference. 

(1) Split -phase . This type of motor usually operates a fan, blower, or small pump. It 
is a single-phase motor and is usually of fractional horsepower. The motor has four 
main ^arts: rotor, stator,^ mounting frame, and centrifugal switch. The stator has 
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two windinj^H, a running winding and a starting winding. These windings are connected 
in series by the centrifugal switch and are approximately 90^ out of phase. Once the 
rotor reaches approximately 75% of its running speed, the centrifugal switch opens, 
removing the starting winding from the circuit and causing the motor to run as a simple 
induction motor. Although this type of motor does not have a very high starting torque 
(about 175% of full-load torque), once it reaches normal operating speed, it is fairly 
constant. 

(2) Capacitor motors. These motors are easily identified because of a hump that Is located 
on top of the motor housing in which the capacitor is located. They are manufactured 

in two types: capacitor-start and capacitor-start-run. 

(a) Capacitor-start . This type of motor is constructed much the same as the split-phase 
motor except that a capacitor is connected in series with the starting winding and the 
motor runs as an Induction motor. The advantage of the capacitor is that it Increases 
the starting torque as much as 350% of the motor's full-load torque. Capacitor-start 
motors are usually found In fractional horsepower sizes. 

(b) Cap?^ ^^;or-gtart-run . These motors vary from the split-phase in that they are 2- 
phase induction-type r iotors. They are constructed in two ways: one eliminates the 
centrifugal switch and allows the starting winding to remai* \n the circuit while the 

^ other uses two capacitors and a centrifugal switch. In the pu which eliminates the 
centrifugal switch, some of the sta'i;ing torque is lost. This is undesirable in some 
situations. In the other type the two capacitors are connected in parallel, with one 
(the stai-ting capacitor) connected in series with the centrifugal switch and the other 
(the running capacitor) connected in series with the starting windings. With this 
method you still have the high starting torque and a 2-phase induction motor once 
the^centrifugal switch opens (occurring at 75% of normal speed). The capacitor- 
start-tun motors are usually found in 1-hp sisses and larger. They heve high start- 
ing ta#*que and dependable constant speed under a changing Load. 

(3) Shaded-polp. Shaded-pole motors are always single phase and fractlv^nal horsepower 
motors. These motors have very low starting torque and are used to run small fans, 
clocks, and relays. This type rf motor is unique in that it requires no bi'ushes, com- 
mutator, or sliprings. It is constructed by placing a rotor in a field that has its pole 
pieces split at the leading tip. In this split is placed a copper strip which causes a 
short circuit and a weak opposing magnetic field. This magnetic field k.jep ^ the rotor 
turning in the dame direction at all times. The motion of the field produces enough 
(thc 'gh weak) torque to allow the motor ^o start. This is why this type of motor is 
used for the almost no-load jobs such as relays, clocks, or fans» The6e motors are , 
very inexpensive to build and maintain. 

(4) Polyphase motors. There are many types of polyphase motors. However, they are 
always 2- ox' 3-phase motors .-^nd are usually 1 hp or Larger. Although most polyphase 
motors are similar in construction, they do differ in several ways. There are two 
types commonly associated with air-conditioning systems: the squirrel-cage motor 
and the sLipring polyphase motor^ 

(h) Sq uirrel-cage motor . This motor has a rotor Inserted into a stator or field. Un- 
like ordinary rotors the squirrel-cage has no windings on the rotor. The rotor is 
made up of a Laminated iron core with bars of copper, aluminum, or an aUoy that is 
a good conductor inserted into slots of the core. These bars are welded to end rings 
which are of the same material as the bars. Th<s type of rotor has no insulation, 
brushes, sliprings, or commutator. The stator or field is wound v/ith sets of coils 
and all connections are made to the field windings. These are constant-speed motors 
which develop a starting torque of about 300% of full-load torque. They are used to 
drive compressors, pumps, and Large fans. In some of the larger commercial type 
systems (5 hp and above), a double squirrel-cage motor is used. These motors differ 
from the single type in that they use two sets of bars in the rotor. The reason for 
the double set of bars in the rotor is to increase the starting torque to between 400% 
and 450% ^f full-load torque. 
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(b) Slipi'ing polyphase motors > Those motors havo a rotor similar to the squirrel-cage 
motor, hut tliat is the only similarity, A polyphase motor does include windings on the 
rotor-, inmilatod rings (slipringa) on the shaft, and brushes. External resistances 
are connected to the windings through the crushes which ride on the sliprings. By 
varying the resistance^ you can change the speed and torque of these motors. These 
motors have high starting torque and are excellent for use with equipment that varies 
in speed, 

2-10, HKFRIGERANTS 

a, C}(jnoral, In the process of controlling the environment of a given space, we must have 
something that will effect a heat transfer. In the past, fans were used to cause air movement 
from one place to another. However, with our advanced technological procedures, mechanical 
systems have been, devised that not only cause air movement but also remove moisture, foreign 
particles, and heat from the air. To effect the transfer of heat, these mechanical systems 
employ fluids that have the ability to boil at low temperatures, thus absorbing heat from the 
surrounding area. Thesr fluids exert a direct action on an area or substance and easily change 
their state from a liquid to a gas and from a gas to a liquid. The fluids, called refrigerants, 
:ii-e Jioat carriers. They absorb heat at a low temperature and release heat to a cooling medium 
at a higher temperature. Refrigerants in common use today are affected by temperature and 
pre>ssure in a manner similar to water. Because refrigerants are used in automatic mechanical 
.systems (such as air conditioners), they niust be safe. Accordingly certain criteria have been 
(^stablishofi that must be adhered to as closely as possible while still accomplishing the job that 
a system is designed to do. Fluid used as a refiigerant should have certain properties: 



(1) It should be nonpoisonous. 

(2) It should be nonexplosive. 

(3) It should be noncorrosive. 

(4) It must be nonflammable. ' 

(5) Leaks should.be easy to detect. 

(6) Leaks should be easy to locate, 

(7) It should operate under low pressure (low boiling point). 

(8) It should be a stable gas. 

(^0 Parts moving in the fluid should be easy to lubricate, 

(10) It should be nontoxic (not harmful if inhaled or if spilled on skin). 

(11) It should have a high liquid volume per pound to provide durable refrigerant controls. 

(12) -*It should have a high latent heat per pound to produce good cooling refrigerant controls. 
(I 'A) It sliould.havc? a low vapor volume per pound. This will reduce compressor displacement 

(14) The pressure difference between evaporating pressure and condensing pressure should 
bo as little as possible to increase pumping efficiency. 

It is (icsirable to keep normal pressures in the refrigerator as close to atmospheric pressure 
IS possihlo, because excessivo differences may cause leaks, overwork the compressor and 
clecrcjase the efficiency of the valves. 

The stindai'd comparison of refrigerants, as used in the refrigeration industry, is based 
on :in (.»vap()r:iting tenip(*raturc of 5K, (-15 C, ) and a condensing tempei' ture of 86 F. ('^0 C. ), 
In this chapter, each refrigerant discussed is compared on this basis. 

As previously stated, a refrigerant reacts to temperature and pressure. Each refrigerant 
has :i c i'itical temperatui'e and pressure. The critical temperature of a refrigerant is the 
hi^'h(?st temperature at which a refrigerant can exist as a liquid, regardless of its pressure. 
Tlir ci itical pt (?.ssur e of a refrigerant is the maximum pressure at which the refrigerant can 
t:\ist as a ^;»s, condonsing temperature and pressure that is well below its critical temperature 
:mu\ prfssui(?. Th(^ refrigerant used in a system must bo able to operate at pressures as close 
to atmosph(jric as possible and still accomplish the design purposes of the system. 
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b. Piiniary roftign rants . There arc many primary refrigerants in wso today. Tlioy range 
from the hydrocarbons K-22, P-114, K-502, etc, ) to ammonia. All these refrigerants 

Ofierate in sealed, pressur'e-contr-ollable systems. They all do not moat the previously men- 
tioned criteria to the same extent and some are downright dangerous. Howcjver, they all, 
under certain pressure and temperature conditions, will accomplisli the design purposes of a 
certain system. The most commonly used refrigerants in the Corps are the hydrocarbor (P-12 
and F-22), which are used in mechanical systems, and ammonia, which is used in absorption 
systems, 

GROUP ONE RKPRIGERANTS 
REFRIGERANT SO. NAME AND CHEMICAL FOHMULA 
H-11 Trichloromonofluoromethane CCI3F 

H-12 Pi^MUorodifluoromethane CCI2F2 

R-22 Monochlorodifluoromethane CHCIF2 

R-500 Azeotropic mixture of 73, 8% of (R-12) 

and 26. 2% of (R-152a) 
R-502 Azeotropic mixture of 48. 8% of (R-22) 

and 51. 2% of (R-llS) 
R-503 Azeotropic mixture of 40.1% of (R-23) 

and 59. 9% of (R-13) 
R-504 Azeotropic mixture of 48,2% of (R-32) 

and 51.8%of (R-115)i 

The Group Two refrigerants are toxic . They are irritating to breathe and may be slightly 
flammable. IVlethyl chloride is quite toxic. Refrigerants in this group include: 



R-717 Ammonia Nfl;^ 

Ji-1130 Dichloroethylene ^'2^'2^^2 

R-160 Etliyl Chloride <^'2^'5^'^ 

R-40 Methyl Chloride CH3CI 

R-611 Methyl Formate <-'2"4"2 

R-764 Sulphur Dioxide " SO2 



R-717 Ammonia was one of the first refrigerants used. 

(1) Dichlorodif luoromethane ( P'-l 2 ). F-12 is a colorlessi gaseous compound \Nhich, at 
atmospheric pressure, condenses at -21. 7° F. F-12 will dissolve oils and waxes but 
will absorb only very little moisture. Therefore, 1^-12 is relatively moisture free and 
will also keep the system clean because of its solvent action. F-12 is noncorrosive to 
the ordinary metals that are used in construction of refrigerating or air-conditioning 
systems. It will attack natural rubber but has little effect on neoprene or chlorroprene. 
F-12 is ncntoxic, nonflammable, and nonexplosive. However, toxic materials may 
result if r-12 is exposed to a hot flame (approx. lOOO^F or higher) or an extremely hot 
mental surface. Little, if any, anaesthetic action will result from this. One pound of 
1—12 will occupy 3 cubic feet at 70°F with a vapor pressure of 70 psig. Cylinders which 
contain F-12 arc usually equipped with fusible metal plugs which molt at approximately 
160°F. Therefore, care must be taken not to allow overheating. When handling F-12, 
he extremely careful to keep it out of the eyes. First aid procedures will be covered 

in paragraph 2-1 Qf, 

(2) Mf)norhlotodifluor-omethanc ( F-22), F-22 is ci colorless. g;KS(?ous compound which condenses 
•it -40^'f'\ }''-22 is mora solubles in wat(?r thnn 12, n(jccssit;iting tluj ust? of a (iri(?v in 
syst^'His using F-22 as rtjf rigerant. F-22 is noncorrosi vi? to the metals commonly. used 

in air-conditioning systems. It is nontoxic arul noni rritating and its vapor'S h:\vv. no 
apprtK'i.ihU? ana(?sthetic or secondary toxic action. l''-22 is sliippod in ste(?l cylinde^rs 
and, lik(? F-12, it must be protc;ct(^d from exc(issiv() heat as too gr-eat a rise in t(?mp(?r- 
aturn* could cause tht^ cylind(»rs to burst. 
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(::) Ammonia. Ammonia is one of the oldest rcfrigii rants still in use today. It is used al- 
niosl DXcluHlvoly in absorption h stems and in some very large industrial mechanical 
HyHteiiUj, Ammonia is a colorless, gnneous compound of nitrogen and hydrogen. It 
condenses to a liquid at -2a^F, Because of its extremely pungent odor, leaks are easily 
detected. Ammonia is extremely soluble in watei*. One volume of water will absorb up 
to 1, 300 volumes of amnrionia '^as 32°F at one atmosphere of pressure. Because 
ammonia is so soluble in ^ater, hose streams, particularly' fine sprays, are quite effec- 
tive in removing the gas from the atmosphere. Ammonia, in itself, is not combustible. 
In the presence of fii'e, however, it becomes a fire hazard. It is explosive when mixed 
. with oxygen. However, ammonia \^111 not form an explosive mixture with air if there is 
a substantial qua itity of water vapor present. Ammonia will readily burn upon heating. 
If mixed with oxygen and heated, the mixture will give off a high temperature greenish- 
yellow flame. If ammonia vapors are breathed, even in small quantities, acute distress 
is caused because the vapors will attack the respiratory .system. Any exposure to large 
concentrations is fatal. Concentrations of 0, 6% to 1, 0% by volume are lethal within a 
few minutes. Although ammonia is a relatively dangerous gas, accidents will be rare if 
precautions are taken, 

c. S(.'( ondary refrigerants. Secondary refrigerants are agents such as air, water, and 
brine, Tlioy are not, in them drives, refrigerant3 and cannot be used in the primary system. 
Secondary refrigerants are cooled and passed over or around an area that needs^cooling, The^ 
pick up lieat from that area and are returned to the primary refrigerating system for cooling 
or arc dissapated to waste. These secondary refrigerants may be brine or water sprays, used 
in coils, or they may be passed over, around, or through an area by use of a blower or fan, 
Hemomhcr: Secondary refrigerants are not, in themselves, refrige;:'ants and cannot be used 
in the primary system, 

d. Marking, storing, and handling of refrigerants and' compressed gases, 

(1) Packaging , Refrigerants are classified as compressed gases and are packaged in 
compressed gas cylinders. All compressed gas cylinders used by the Marine Corps 
and the other armed forces are manufactured under specifications set forth by the 
ICC (Interstate Commerce Commission), Cylinders used as containers for compressed 
gases are made of high quality steel. For high-pressure gases, such as oxygen, nitro- 
gen, or hydrogen, they are usually of seamless construction. However, low-pressure 
gases, such as acetylene, may use welded or brazed cylinders, AH cylinders are 
carefully tested at pressures that exceed the maximum pressure that is permissible, 
A typical cylinder is an elongated tube with one end that is closed flat and the other 
rounded, Kver^* cylinder has one or more safety devices to include: spring release 
plugs, fused metal plugs, breakable disc safety plugs (pressure release disc or 
valve), or a combination of the fused metal plug and breakable disc safety plug, 

T}u?re are throe types of refrigerant cylinders: 

1, Storage cylinder, 

!^(mirnablo services cylinder*, 
A. Disposabii; (throw-away) cylindor, 

CyUn(U»rs ar*e made of st{?el aluminum. The larger ones usually have a fusible plug safety 
(l(»vicc^ threaded into the concave bottom as a protection against overheating or excessive pressures, 
A valve ;vt the top provides a connection for charging or discharging service cylinders, 

IU?gulations are proscribed by the Interstate Commerce Commission (ICC) to insure the ^ 
saf(»ty of tlu)S(j working witli cylinders containing ref rigerant j, 

'I'he fCC rtjgulatlon requit^es that cylinders which have contained a corrosive refrigerant 
T^iuHt be (^lieched (^vcvy fivv. years. Cylinders con aining noncorrosive refrigerants must be 
chocktMl cviny 10 ye:xrs. All cylinders over 42 in diameter and 12 in, long must contain some 
tvpe of pressure release protective device, a fusible plug or a spring-operated relief valve, 
for example, 

\fv.*r* r«?(>iarge a disposabh? service cylinder. It may explode, 
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(2) Marking, All cylinders have permanent markings which are stamped into the motal at 
the alu)uld(ir, top, or neck and are in sequence extending downward. If a color-coded 
neck ring in employed, tJie markings start as close to the ring as possible and ar'e also 
in sequence extending downward, Mar'kings- that are found on all government-owned 
cylinders are the ICC specification mar'k, the serial number and prefix letter-, the 
ownership symbol, and a disinterested inspector's mark. The name of the gas is [ilso 
stenciled on thi. body of the cylinder along is longitudinal axis. Other markings found 
on cylinders are: the v/ovd SPUN placed near the ICC mark if the bottom of the cylin- 

. der is formed by a spinning process; the tare weight of cylinders that are filled by 
weight (such as acetylene); the date of the cylinder's test, which is stamped diametri- 
cally dates can be easily added in sequence downward; and the manufacturer's mi rk 
stamped above the test date* 

Cylinders are also color coded and will be painted in accordance with a strict 
uniform color code which is specified in MIL-STD-101 B, Cylinders containing F-12 
and F-22 are painted orange; some cylinders, however, will be painted with two 
or more colors. For instance a cylinder containing methyl chloride will have its top 
painted yellow^ then a brown band and the body painted orange. 

Also included on a cylinder is a diamond-shaped label tag which indicates the 
characteristics of the cylinder's contents, 

(3) Storage and handling . Refrigerants are compressed gases and, because of this, present 
special problems of storage and handling. Certain conditions must exist for safe stor- 
age of refrigerants and special precautions must be observod when handling them, 

(a). Storing , 

1. Compressed gas cylinders must be stored in an area that is protected from exces- 
sive rise and fall of temperature, 

2. Compressed gas cylinders may be stored in the open. However, they must be pro- 
tected against extreme weather conditions and direct contact with the ground. Cylin- 
ders stored outside should be kept away from direct rays of the sun. in the summer 
and free from accumulation of ice and snow in the winter. Ventilation must also be 
provided in the summer toinsure that the temperature around the cylinders is kept 
below 125°F. 

3. Keep compressed gas cylinders away from flammable substances such as oil, gas- 
^ oline, kerosene, waste, etc. Smoking is prohibited in any cylinder storage area, 

4. Insure that compressed gas cylinders are kept away from live electrical wires, 
electrical equipment ground wires, and third rails, 

I^rotect compressed gas cylinders from any objects that could causo cuts or abra- 
sioris in the surface of the metal. Insure that cylinders are stored in an area whore 
heavy objects, falling or moving, cannot strike them, 

6. Store compressed gas cylinders in areas away ftv^m continuous dnmpness and from 
srilt or corrosive chemical fumes. These things will cause rusting, causing pro- 
tective caps to stick, valves to become Inoperative, and weakening of the cylinder 
walls. 

7, St'f^regati? cylindern as to specific gases. \)n not stofj empty cylinders in the 
.same place as full ones. Insure that a fir'e- resistant partition is placed betueen 
-ii eas containing flammable and nonflammable gases. 
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H, Mark empty cylinders with chalk qr tags. Do not use paint. Insure that the valves 
^ on empty cylinders are closod. 



9. Insure that valve cap covers, if provided, "are kept on all compressed gas cylinders 
when the cylinders are ni^t in use, 

10. Insure that all areas and storage rooms that arc used to store compressed gas 
cylinders are well ventilated. This will prevent an accumulation of explosive or 
harmful gas, . . 

11 . Store refrigerant cylinders either upright or on their sides, 
(b) Handling, 

1. Do not attempt to alter or repair any compressed gas cylinders. Use only speci- 
~ fied tools for opening and closing valves. Do not remove or change any of the 

permanent markings on compressed gas cylinders. Never tamper with any of a 
cylinder's safety devices, 

2. Never fill a cylinder with any gas other than the type for which the cylinder was 
^ intended. Do not mix gases. For example, do not put F-22 in a cylinder that 

contains F-12, 

3. When transferring refrigerants, do not completely tiV the cylinder. Room must 
~ be allowed for expansion of the gas due to any rise in temperature, 

4. Do not use cylinders (empty or full) as rollers or supports, or for any purpose 
other than to carry gas. Dc not use electromagnets to lift cylinders. If a crane 
is used to lift them, insure that a proper sling is used to prevent dropping or 
other damage. Handle cylinders carefully, 

5. Never use compressed gas cylinders in any area where damage could be caused 
~" by passing or falling objects, or in areas of concentrated heat (around stoves, 

welding operations, furnaces, heated flooring, etc). Never open a cylinder valve 
near welding operations, 

6. Do not use a valve regulator, gage, hose, or other apparatus specified for, and 
*^ used with, a particular kind of gas for any other type of gas. 

7. Never place your hands or any part of the body in a gas stream. Any oil or foreign 
^ material in the gas could penetrate the skin causing serious injury. 

H. Never use wrenches or hammers to open cylinder valves that are equipped with 
" handwheels. Wrenches or hammers would damage the valve seat causing leakage, 

I'or those cylinder valves equipped with handwheels, use the cylinder valve 

vvi t?nches (special tool for opening cylinder valves), 

f^. After^ attaching a regulator ti> a cylinder, insure that the regulator's adjusting 
" screw has been released before opening the cylinder valve. Do not allow the gas 
to enter the regulator suddenly. Always open the cylinder valve slowly, 

10. Hefure removing a regulator from a cylinder make sure that the cylinder valve is 
~ c onipletoly closed and all gas has been released from the regulator. 

11. If a leak is discovered around the valve stem when the valve is open, close the 
~ valve immediately. If this does not stop the leak, tag the cylinder and move it 

out-of-dooi^s. Keep all peraonnel and sources of ignition from the cylinder. 
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12, If a leak develops around any of a cylinder's safety devices, the cylinder should he 
Moved out-of-doora and the valve opened enouph to allow the gas to escape slowly. 
All personnel and sources of ignition must be kept away from the cylinder, 

13, Do not attempt to make any repairs. to a cylinder*, l)o not alter connections to muk(; 
auxiliary equipment fit, Uo not force equipment that doesn't fit or use aduptoi s. 

14, Du not try to stop a leak between the cylinder valve and the regulator until the 
cylinder valve has been closed and time has been allowed for all gas beyond the 
cylinder valve to escape. Then make any necessary adjustments to stop the leak. 

15, Once a sylinder is empty make sure that the cylinder valve is closed, that the 
cylinder is disconnected, and that the protective cap is replaced, 

16, Wlien you use a cylinder in the upright position, make sure that all precautions 
are taken to prevent it from being tipped over, 

17, Never connect a refrigerant cylinaer to a system except for charging or evacuat- 
ing the system, 

18, Wh(»n evacuating a refrigeration system, do not overfill the cylinder, A completely 
filled cylinder is dangerous because a temperature rise could cause the cylinder to 
burst, 

e. Transferring refrigerants. Refrigerants are shipped \n compressed gas cylinders as 
a liquid under pressure. Liquids are usually removed from the shipping container and trans- 
ferred to a service drum (cylinder) or to a refrigeration unit. When small quantities of gaseous 
n^frigerant are desired, they must be removed directly from the upright cylinder. However, 
since vaporization of the refrigerant requires heat, the cylinder must be heated from some ex- 
ternal source, other than room temperature, unless only small quantities are required. Cyl- 
inders may be heated by immersing them in hot water or wrapping thom in hot towels of less 
than 125^F, Heating by flame is not recommended because of the fire or explosion hazard. 

When a service drum is to be filled, it should be placed on a scale to determine its 
weight, A platform scale is usually used. After the drum is initially weighed, it sl.ould be 
chilled by placing it in ice water or a refrigerated tank. It is then connected to the supply 
cylinder vith a cliarging hose and again placed ov the scale. The air should then be purged 
from the? charging hose by opening the supply cylinder valve for an Instant with the flare nut 
loose on thu service drum. After purging the charging hose, tighten the flare nut and open the 
valvo on the service drum. Now, open the valve on the supply cylindei' to p'^^mit the refriger- 
ant to flow into the service drum. When the weight of the cylinder indicates that the proper 
amount of refrigerant has * een transferred, close all valves tightly, disconnect the charging 
line at th<» ser\'ice drum, and cap all openings, 

U First aic a h::! safety. Because working with refrigerants can be dangerous, especially 
if th7v ;<re improperly handled, it is important for you to be familiar with first aid procedures. 
In all tasvv^ of (»xposure to refrigerants, medical attention should be summoned as suo*i as pos- 
sible. In the mearitiinc?, there n re some things that you can do to make the \'ictim cDmfor'tahle 
and to pr*event any further injury, 

(1) Halogen refrigerants (F-12, F-22, etc). When you are working with halogen refrig(;r- 
ants. goggles should be worn lo prevent any liquid r'(*f r'igerant fi*on) getting !nto your 
ey(?s, A gas m isk should be kept handy because halogen refrigerants becomt? toxic if 
th(vy h(jcome involved in a fire. 

If any liquid-type refrigerant should got into the eyes, drops of ster-iU? niincr-al 
oil should be put into the eyes to irrigate them and wash away the refrigorcmt. If this 
does not stop the irritation, tn^n the eyes should bv. washed with a weak boiic acid 
solution or a sterile salt solution i sodium chloride), not to exceed 2%. If any liquid 
should come in conta<-t with the skin, treat the a/iia if th(i skin liad been frost-hitltm 
or fro/en. Should a person br. over-come due to a high concentration apply artificial 
r c»spiration. In all cases, summon medical attention inmiediately. 
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(2) Ain monia> Ammonia is extremely irritating to the eyes and skin and is toxic even in 
Hmall quanlitioa, Recause of this, goggles and protective clothing (gloves, rubber 
iipron, (tic,) should be worn when there is a potential danger of spillage. ,.In areas where 
ventilation is not good, a gas mask should bp kept handy. For persons exposed to 
ammonia fumes you should- remove thu victim to freyh air as quickly as possible- 
k(M?p the patient quiet and warm- and if the victim is not breathing, apply artificial 
rospirntion. If liquid ammonia gets into the eyes hold the lids open and wash them 
out with w^ter or a !i% boric acid solution. Once the eyes are washed thoroughly, 
insert two drops of liquid petrolatum on the eyeball, If liquid ammonia comes in 
^ contact with the skin, strip any saturated clothing away from the affected area, wash 
the skin thoroughly with plenty of water, and then paint the affected skin surface with 
a solution of picric acid (if affected area is around the eyes, use a boric ac id 
solution instead of picric) . Do not cover ammonia burns with bandages or clothing. 
If the victim's nose or throat is affected, have him rinse his mough thoroughly with a 
boric acid solution and then drink as much water as possible. Whenever any accident 
occurs while working with ammonia gas. medical help must be summoned immediately. 

2-11. LUBIUCANTS 

Hefrigeration units require the use of lubricating oils to provide lubrication of moving 
parts and. in some hermetic compressors, cooling of motor Windings. Because of thj extreme 
tr'mp(»ratur-es which are encountered in refrigerating units, these oils must have special prop- 
(»rtics that would lot Itj.e found in ordinary lubricating oils. Refrigerating oils are specially 
prepared mineral oils having a paraffin or napthene base. Refrigeration oil must be able to 
mix well with the refrigerant with which it is used, since the oil circulates throughout tie sys- 
tem with the r-f.frigerant. It must also be able to withstand the extreme temperature changes 
within the unit. It must be al^Viost completely free of moisture as moisture will damage a 
refrigeration system. Properties of a good refrigeration oil are: 

Low viscpsity - which refers to the thickness of the oil 
and its ability for a specified amount to flow past a cer- 
tain size opening at 100°F. An oil with a low viscosity 
will not break down at high temperatures or become 
thick and lose its fluidity at low temperatures. 

Low wax content - desirable because at high temperatures 
wax becomes separated from the lubricant. When this hap- 
pens, valves, fittings, and strainers become chogged. 
wliich could cause excessive pressure, evaporator and com- 
pressor starvation, and damage to the system. 

Low pour point - this refers to the lowest temperature 
tliat an oil will r-emain a liquid and maintain it fluidity. 

Chemical stability - because the oil and the r-efrigerant 
must mix as they travel throughout the system. The oil 
nuKSt ht! stubU? so as not to react against the ref rigercmt. 
\lso, the oil used cannot affect any of thc^ mat(jrials 
used in the construction of a refrigeration system. 

IIe;tt stability - so as not to cause carbon deposit at any 
hoi spots wiUiin the system, such as at compressor valves 
ov discharge ports. 

Refria»-r :int oils nuist b(! kept in sealed, chemically clean containers. Any lines or con- 
t liners us(hI to Ir^ansfer thest? oils must bo chemically clean. Refrigt^rant oil left exposcjd to 
.iir- for tnv length of time becomes (tontaminnted due to moisture absorbed from the air and 
c.innot b(^ used. Any oil removed from a system should be discarded. Never re-use refriger- 
ition oil in :\ system, alwavo use new oil. He sure that any container from which new oil is 
t ik«'.M is ih-d imrnefiiatelv after drawing off ihv. needed amoiint. Wh(Mie\'cr oil is r-emoviKi 
f rom '» s\st(»m it should b(^ checkc^d for discoloration and odor, if either or both ar-e pres(;nt. it 
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Mofrl{i('nitlf)fi oIIh an? rvitod by vis(?()Hily to operate at oertain toniperaan\?s. You .should 
check the TM for tlie particular syst'im you a!*e working on before putting oil into it. In this 
way you will injure that you are using tlie pi'oper oil for the temperatw.j es at which the ^ystf»ni 
operates, 

A rofrigci'ation system will use other type of luhricantH such as grease and motor* oil. 
These; lubricants will also bo listed in tin? appropriate Tl\!'s for the oquipmenU The TM's 
will also tell you the proper typo and grade of lubricants to use and tljo pi'oper interval at 
which lubrication services should be performed. 

2-12. SUMMARY 

In this chapter- we have loarnod that an air-conditioning system is very similar to a refrig- 
eration system, in that many of the components are the same. We have taken each of these 
components and learned their function and how they are used to complete* an air-conditioning 
system. Although each ^stem varies in design, the basic refrigeration components (com- 
pr<:sHor, condenser, evaporator, and metering device) are included plus certain valves and 
controls, dtjpi^nding on the indivudual system's use and the miinufacturer's design.- It was not 
the purpose of this chapter to explain tlie operation of an entire air-conditioning system, but . 
to show what is needed to constraict a system and what can be included to complete the system 
and impr*ov(j its efficiency. 

Also included in this chapter* was another impor-tant factor in the pr-opv^r operation of an 
air-conditioning system, i.e., refrigerants. Becayse the refrigerant used go/t^r-ns the design 
and capabilities of a system, it is necessary for you to understand what a refr-igerant is, what its 
properties are. and just how a refrigerant effects the design and efficiency of a system. 
Hecauso you, as the mechanic, must work with these refrigerants, procedures for safe handling 
and iJtorage of refi^igerants and related compressed gases were covered. Also covered were 
the lubr-icants that are used in conjunction with the^' . i-efi'igerants, why they are different fi-om 
ordinary lubricants, and how thoy are used within an air-conditioning system. 

In order for you to be a competent air-conditioning mechanic, it is important for you to 
understand the function and purpose of each of the components of a system. It is also neces- 
sary for you to know how these components are assembled into a complete system and used 
in conjunction with a refrigerant and lubricant to efficiently accomplish the manufacturer's 
designed puipose. Once you have this knowledge and understanding you are well on youi* way to 
becoming a competent air-conditioning mechanic. 

When a leak is suspected, make certain that the room is thoroughly ventilated before 
starting to work on the un't. Always check for recommended operating pressures for each 
refr-igerant and install gauges to find the pr'essures in the system. 

Check refrigerant H-number befor'e charging to avoid mLxing refrigerants. It the refi'i- 
^iervmt is a fluorocar'bon, make certain there are no lighted flames near a system that is sus- 
pecttjd of having a b:^d IcJak. The r*efrigerant may br-cak down and produce dangei'ous gases. 
Always check the ICT cylinder stamp'to make sure it is a safe cylinder. 

Wear goggles and gloves at all times, especially when (^barging or dischar*ging. Tht?se 
will protect the eyes, skin and hands in case of a sudden leak. 

Xhsavs charge; i*ef riger'ant vapoi* into the low sid(^ of the* system. Liquid refrigc!\int 
fntc-rir)U :i comprtjssor may injui'o the compressor and may cause? tfie uuit to burst. 

Liquid rt^frigerant on the skin may fr(M:/.i: th^ skin sur'face and (*auso "frost bite." If 
this sh.otjid hr)ppt?n, quickly wash away the r-efriger'ant with water\ Tr'oat th(j damaged surface 
for "f r*ost bite. " 

Xrcidi-nts involving rrfrigcrnnts should be itnint'diatcl* r-eferrcci to a (Jc>( toi*. 
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SKHVI(;iNCi AIH-CONDrriONlNC; SYSTKMS 



3-1.- INSTALLATION . 

In nr-flf»f to insiHc» pn^per ()p(*rat.i()n of any a i f-conditioning syHt(»ni, frgat'dloss of size atui 
typf. pi'oprr* installation is a must. Equiprm»nt should hv installed in a neat, clean, wofkmatilike 
manruM'. To insux'e long, troublo-free operation, the syHtem must be dry and clean. Special con- 
si(lc»rati(m should hp given to the following when installing any system. • 

^* V'^'^^^QI inspcH'tion, Once the equipment has been unerat^ui, it should be inspeeti-d for* any 
signs of dan^age during shipment. A chf^ek of the equipnr>ent should be made to insure that all 
acft»ssories, such as starters and controls, are tiecl to ihv unit or are present. Check for leaks, 
loosi* (•()rinf»i lit)i^s, and signs of weak or cracked tubing, A.lso check to see that all electrical cv)n- 
nections made by the manufac:turer are tight and correct. 

Leveling ami mounting . Any unit must oe installed properly, leveled, and mounted in a 
s»»cure position. He sure that the support or mounts provided or recommended by the manufacturer 
are used. Proper* leveling of the unit will eliminate unnec essary noise and vibration and improper 
lubt ication of the unit. Also inadt^quate refrigerant flow may result if th(* unit is not leveled accord- 
ing to manufacturer's specifications. 

c. Air circulation and ctooling. When installing air-(!Ooled units, it is essential that adequate 
air-riow is available to insure proper cooling of the c^ondcnser and motors, A means of exhausting 
Ihv air must also be provided to prevent recirculation of used a*> whiCii would cause a rise in the 
ambient temperature resulting in reduced efficiency of the unit. Water-cooled units must be pro- 
vided with an ad(»quate water supply at suffici(»nt pressure as specified by the manufacturer's 
(it^sign. Wh(»r(^ cooling towers ar'e used, the cooling tower connections of the* condenser can bv 
tised to r(»duc(» the pressure* drop through the condenser . (This is not true with all units, although 
it will apply to most. ) Care must be taken that nothing interrupts or restricts the flow of air around 
thr condens(?r or the intake or discharge. This is especially true with units that have the condenser 
located away from the rest of the unit (split units), or of units with the condenser out-of-doors (such 
as a window unit). Any unit intendetf for fr(»e flow application on the outdoor portion (window units 
or split units) must never be installed with duct connection to outdoors unless specific approval is 
given by tht» manufattturer-. Insure that air-cooled (compressors are provided with forced 
conv<»cti()n i\\r cooling and that the air blows against tlu^ motor housing. Make sure that nothing is 
bloc king this flow of air. Water-cooW^d compressr)rs must have wateiof the temperature speci- 
fied by tfie manufactu rt»r. Make sure that a bleed vahe is provided with cooling towers and evapo- 
rative condt»nsi'rs to prevent a concentration of impur ties. Tins bleed valvc^ should dissipate 11/2- 
to '2 1 /2 gallons per liour (gph), depc»nding on unit s'wa and manufacturer's recommendations. 



d, Soun d. \i;isc, ev(m that of a steaay hum, iri objectionable in many areas. Places such as 
siekn)0!n-J nnrl sl(M'pin^ cjuarters (Umnanri a low nois(^ level.. Therefore, care should be taken to 
insure tiiat ^nits arc* install^ d in areas away from such paces or in sucii manner as to insulate 
the ob.iiHUional)le sound from them, 

Kb'cl rtcai connect ic)ns . I'ilectrical connections f-an be very simphs such as plugging in a 
cot-d as in Ou» case of a window unit, to e^xtrc*' i(dy complicated, such as providing a separately 
fusi'ti circuit br(»ak(»r with stop-start stations ..id niagni»tic starters with large remote units. In 
all casi'S. fl.M-trit al connections must hr niad(» properly and tightly. Poorly made electrical 
c onnrc t ions ran caiisr arc nig. ovtMl(^a(htig of service wires and internal connet-tions, and b\ir?ung 
(^r tontar! points. Po(^rly made* oh»ctri(»al connections can also eaus(» motor-compr(»ssers t(^ run hot, 
fusf^s t(; hlf>w unn(^ct»ssarily, evcess powcjr to b(» consumed, and other things too numc?rous to 
mention ber(\ Alv^ays insure? that electrical connections are properly and safely made. 

Th«' flintiic.il outlet for the system must provide thtj correct electrical supply. He surt: 
tc. :..,(] thr I'lc-ctric il r-ntin^s on ihc. rcf rigorntoi' and check tbcH(? against ihr electrical s\ipply 
ft thi- w ill outlet. Thr modcM-n hous(?hold r(if rigcr*ator-fr'0(r/.er may need more current tbati the 
oldrr. siTiipler* ruM r igcn* itors and frcie/cirs. 
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It is host to have a separate circuit from the fuse or circuit breaker box to the r(?fri- 
v:\tov-frvo 'Mil outltil. Avoid using an extension rord between the refrigerator power cord and 
the wall ()titlc?t. Thi) r<?Hulting voltage may bo too low, 

f. Leak testing . All joints, wh(?thei' factoi*y- or field-niade should b(? c'heck()d for* h;aks. 
Any leaks found, regardless how small or of what typo (r'efriger'ant. ov lubricant), should lu? 
ropnired, C ontinuod operation of equipment without loss of capacity or d(?tijruM'ation r<?qui!'(!S 
. that ALL leaks be detected and repaired. 

Note: See paragraphs 3-3 through 3-5 for loak detection and repair, 

g. Safety. Always work safely, Adhert? to local safety r egulations tliat pertain to tlu? (?quip- 
Tm:nt you ar'e working with. Use the proper tool for the parliculai* job tliat you an) doing. Always 
check I manufacturer-' s manuals and pertinent TM's for any spec:ial safety precautions that must be 
obsi?rve(l when working with a particular system or unit. Make sur^e that pr-otective gear- such 
as goggles, gas itiask, and protective clothing are being used when working with refrigerants that 
require their use. Work safely to insure that your job will be done properly and that you will be 
around to complete it, 

3-2. PnKVi!:NTIVE IVLAJNTENANC^E 

Pr'ev(?ntive maintenance to air-conditioning equipment is usually limited. However, making 
p(?riodic clu?cks of tht? critical points will insure a longer maintenance-fr(?e life for your unit. 
Probably the most important areas of preventive maintenance will be keeping the filt(?rs clean and 
the condenser fins fr'ee from- dirt and dust. These items must be checked reqularly because^ any 
restriction of the riormal airflow will reduce tlu efficiency of the unit or system. Poor mainte- 
nancf? and a malfunctioning defrost control can cause evaporator freezeup. Repeated occurrences 
of evapor^itor freezeup will cause the compressor to short cycle and eventual damage could result. 
Cheek (?lectrical connections and contacts and keep them free from dirt, grease, and moistur^e. 
Also make sure that the contact points are not burned. Make sure that tr*aps, special filters, and 
duhydi'ators within the system are kept clean and/or* dry. Make the? nec(?ssary replacement or 
cleaning. Keep a check on the unit or system for any unusual noises or vibrations. If any occur* 
deter^mine the reason and make any necessary adjustments include leveling the condensing unit, 
carefully bending cooper tubing away from whatever it may be hitting, adjusting belts, and making 
any small adjustmen that may be necessary. Lubrication should be performed at the proper 
intervals as prescriV ^d by the manufacturer. If you keep track of the small things, the unit will 
have a long life and be free of major maintenanci? pr^oblems, 

3-3, TKSTIN(; 

To properly maintain, troubleshoot, and repair air-conditioning equipment, you should be 
familiar with a number of tests. You must be able to detect leaks, find the causes of electr-ical 
pr-oblems, and dctetTTiine refrigerant and oil levels, 

:i. Leak detection . To operato efficiently, an ai r^-conditioning unit or sy cem must remain 
p(jr'fectly sealed. The r*efrigerant must be kept in the system, and air, for-eign matter, and 
moistur e? must be kept out. The most common cause of 'l(?aks is poor workmanship, indicatcjd 
l)v impr^oper* flnrlng, poor* sold(?ring or sw(?ating, and failure to tighten connections. Other caus(?s 
can bo traced to normal operation, such as wear due to friction, heat,' pr-essur*e, and vibr-ation. 
Some units can come fr^orr .he manufacturer in defective condition or- are damaged when moved 
fr-om one place to another. Vou should thoroughly check all units upon r-eceipt or when it is 
neccsscu'v to move them to another location. There ar*e three m(?thods used to detect U^aks: 
positive, nonpositive, and special, A positive method is one that no only determines if a l(;ak 
is prcsetit, l)ut also gives its exact location, \ nonpositive method indicates the presence of 
\ |f:ik. but does not indicate its exact location, A special method is also a positive ni.»tho(i, l)ut 
ft is one that can be used only on units using certain types of ref r*iger^ants. 
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(1) . Flalido torch (fig This is a special niothod used on units or sy^.^-ms which use 

tlu; hnl()/.;(jn r'ofrlgerantH (i.e. , F-12 or F-22) and methyl chloride. The halido torch , 
T*nay he hcjatc?H wlt}i al<M)h()li natu^ral gas, propane, or acetylene, A copper reactor 
plate is located at the discharge end of a flexible exploring tube. With the torch lit, 
the exploring tube is passed over' and around joints or areas of suspected leaks. If 
tJio slightest bit of refrigerant is leaking, it will be di^awn up the tube and the normally 
blue flame will tu rn green. If a large amount of refrigerant is encountered the flame 
will turn pur*ple or' it may go out* To use the halide torch, proceed as follows. 

' (a) light the torch and adjust it so that it pr-oduces a small blue flame. 

(b) Insure that the exploring tube is clean. 

(c) Hold the open end of the exploring tube as close to the area being tested as possible 
so that sample air will not diluted by stray t r currents. The exploring tube should 
be moved slowly over the ar^ea being tested, because there is a time lag between 
the instant the sample air enters the tube and the time it reaches the ^reactor plate. 
Leak testing cannot be hurried . 

(d) Do rjot use the torch in an area that has a high concentration of refrigerant gas 
because it will foul the torch. 

(e) M ikc sur*o that the area in which you are to conduct a test is well ventilated. Halo- 
gen refriger*ants will form phosgene gas when exposed to temperatures of 1, 022°F 
and inhalation of this gas must be avoiovd. 

(f) If possible, accomplish testing when t^ e system is on a running cycle. This is to 
insure that there is sufficient pressure throughout the system to insure detection. 
If the system is in an off cycle it is quite possible to miss a leak in the low side 
because of insufficient pressure. 




OPENING TO sec 
FLAME cot OR 



Fig .S-1. Halide Torch Leak Detector' 
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(2) Soap or oil bubble tQat > {Vig 3*2). The uae of soap or oil to detect a leak Is a posltlvo method. 
In thlfl rnc?thod you mix soap and water to make a thick solution. Let it ait until the 
l)uhhlMH from mixing have disappeared, Th^n apply the solution to the suspected leak 
with a Moft brush. If a leak is present, bubbliis wljl appear in the solution (fiff 3-2), 
This is the best motfiod of leak detection when, testing under hazardous conditions. 
Oil can also be used in the same manner. Spread a film of oil around the joint or 
suspected leak and bubbles will appear, , * 



Fig 3-2. Soap bubble test 



(3) Pr essure and vacuum tests . These tests are nonpositive methods of detecting leaks, 
AH that they will dotermino is that there is a leak somewhere in the system. In the 
pressure test, a positive pressure is built up inside the system and a reading is taken. 
After 24 hours another reading is taken. Any drop in pressure from the first reading 
indicates a leak. In the vacuum test, you would draw a vacuum on the system- any rise 
in pressure over a 24-hour period indicates a leak. 



(4) Kl(?ctrQnic tester , (Fig 3-3). Another tester that could be used by the*air-corr*itionin^ mechanic 
is the electronic tester. This is the most sensitive of the testers. On sensing the 
refrigerant leak, there will be a change in current flow that will show on the meter. 




0 



Fig 3-3, Elegctronic tester 



b. Electrical testing. Since most of the air-conditioning units in use within the Corps today 
have tilcctric motors and controls, it is necessary to be able to use the various items of elec- 
trical tost equipment available to determine the condition of a motor/compressor unit. Through 
proper use of this equipment (wattmeter, ammeter, voltmeter, and multimeter) you will be 
nble to determine proper load, open circuits, defective relays, and numerous other malfunc- 

(1) Wattmeter (fi^ 3-4). Through use of a wattmeter you will be able to determine the 
power consumption of a unit. You will also be able to determine whether or not the 
starting winding is open, if relays are operating correctly, and if the load on the motor 
is excessive or not. Wattmeters are available in many makes and models. Some read 
wattage only, while others are combination types. Some combination types will read 
voltage or amperage in addition to wattage, while others will read all three. These 
meters will have from two to six leads. Spec 'c instructions on the operation of an 
individual meter will he included with oach meter as it comes from the manufactxr er. 
When properly connected into the circuit, your meter will give you three successive 
readings. As the power is turned on, the needle or pointCfr will swing up to a point 
and pause momentarily: th*s will be the "overswing" or "start" reading. Tbon, almost 
immediately, the needle will move back to the left (most wattmeters read from left 
to right) and will give you the combined start and running running r^^ading. The needle 
should pause for approximately 1 to 1 1/2 seconds apd then drop farther back to the 
left and gf.ve vou the mnning reading* If the starting binding or relay is had, the needle 
wiW swing to the right and move all the way hack to the running reading only, not pausing 
at the starting and running reading. If the compressor has a shortage of refrigerant. 
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rauaing the motor to work harder to provide 
tuioujjh rofii^jorant to the evaporator, the 
nuniing reading will bu higher than stated on 
the data plate. However, in order to determine 
an overloaded condition, observation is neces- 
sary for a period of time, (Time period can 
be found in the appropriate TM or manufacturer's 
manual. ) If the motor is shotted internally, 
causing the safety devices to kick out, then 
the only reading will be the initial pull and 
the needle will drop back to zero* 




Fig 3-4* Wattmeter, 



(2) Multimeter, Tne multimeter is a multipurpose instrument that can measure resistance, 
voltage, or current. Figure 3-5 shows a multimeter that is widely used in the Marine 
C orpa. The following is an explanation of its use. 




Mg 3-0. Simpson 260-6 Volt-Olim- Milliammeter 
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a. Puwcu; Source). There are two batteries in the ohmeter circuits; one is a D size coll that 
furnishes 1. & voltfi for the Rxl and the RxlOO ranges (resistance), and a 9 volt battery 
for the RxlO, 000 range (resistance). 

b. Fuse Protection . A 1 ampere, 250 volt and a 2 ampere, 600 volt high capacity use are 
provided to protect tlie Simpson 2C0*s low impedance circuits from misuse on the ohm 
and current ranges. The 1 ampere fuse is used for normal overload conditions, and the 
2 ampere fuse is connected in series with the 1 ampere fuse as a protection against ex- 
cessive high energy overloads applied to current or ohm's ranges. 

Note; If the multimeter fails to indicate, the 1 amp or the 2 amp fuse 
may be burned out. 




Fig 3-6. Battery and Fuse Compartment 



(c) M eter Face . Although the meter face has five graduated scales, we will concern our- 
selves with only four of the five. The top graduated scale is for the resistance readings 
(ohms) only. You41 notice that the ohm's scale numbers run backwards as compared 
to the other three scales. The DC scale is to be used for D. C. voltage and current 
readings only. There are 3 sets of numbers that are road left to right. The appropri- 
ate rov' of numbers are determined by the range switch setting. The AC scale Is to 
be used for A.C. voltage readings only. Thia meter does not measure A. C. current. 
The first A. C. scale (in red on the actual meter) is to be used in conjunction with the 
three sets of black numbers above it, for any range between 0-250VAC (Volts- Alter- 
nating- Current). The second A.C. scale (in red on the actual meter) is to be used 
for A, C. voltage ranges between 0-2.5 volts. The last Decibel (DB) scale is not used 
by the Air Conditioning Mechanic. 



BEST COPY AVAILABLE 



I 




I 



Pig 3-7> Meter scales 



(d) FiOnt Panel: 



(e) Range Switch: 



(f) Function Switch: 



(g) Zero Ohms: 



(h) Circuit Jacks: 



(i) Pointe?r Adj ust 



The 260-6 Volt-Ohm- Milliammeter is a large, easy-to-read 4^ 
inch indicating instrument. Below the Instrument are four con- 
trols and eight circuit jacks. Switch positions and circuit jacks 
are marked in white characters for easy reac|ing. 

Has 12 positions: May be turned in either direction. There arc 
5 voltage positions, 4 direct current positions, and 3 resistance 
positions used to select desired ranges. 

The function switch has three positions: -DC, +DC and AC. To 
nieasure DC current or voltage, set the function switch at the -DC 
or +DC position, depending on the polarity of the signal applied 
across the test leads. To measure AC voltage sec the function 
switch to the AC position. For resistance measurement, the 
switch may bo set in either the +DC or -DC position. The polarity 
of the internal, ohmmeter battery voltage at the (+) pos jack is 
ideiitical to the function switch polarity setting and opposite at the 
(-) common jack. 

This control is used to compensate for variation in the voltage of 
the internal batteries* 

There are eight jacks on the front panel marked with the funct^-^ is 
they represent (Figure 3-1). These jacks provide the electrical 
connections to the test leads. The COMMON jack is used (in 
conjunction with the black tost lead) as the reference point for the 
measurement of all the functions with the exception of the lOA 
range. (Refor to the Operation Section for details. ) 

Witli the ^ olt-Ohm-Milliammoter in an operating position, check 
that the pointer indicates /.ero at the left end of the scale when 
there is no input; if pointer is off 7.0 ro, adjust the screw located 
in the case below the cent'ir of the dial. Use a small screwdriver 
to turn the screw slowly clockwise or counter-clockwise until the 
pointer is exactly over the zero murk at ihi) left end of the scale. 
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With the indicating pointer set on the zero mark, reverse the 
direction of rotation of the zero adjuster. Rotate the zero adjuster, 
a sufficient amount to introduce mechanical freedom or "pl^y" but 
insufficient to disturb the pos tion of the indicating pointer. This 
procedure will avoid disturbances to the zero fc:<?ttlng by subsequent 
changes in temperature, humidity, vibration, and other environ- 
mental conditions. 





v 



3-8. F'ront Panel Controls, Jacks and Indicators 



Safety. Boforu we cover the pr^ocedures when making electrical tests, wo must first go over 
sonu* ^cjnural safety precautions. 

Inspect the tost leads for cracks or breaks in the insulation, prods and connectors 
\H,fovn each use. If any defects are noted, replace the test leads Immediately. 

\ oltagos may appear unexpectably in defective equipment. Turn off power and dis- 
charge all capacitors before connecting or disconnecting test leads to and from the 
circuit being measured. 

Ilmds, shoes, Hoor and workbench must be dry to avoid shock. 

l ot- maximum safety, do tiot touch xeads or insf-uments while power is applied to the 
c ircuit urjder test. 

Do not make measurements using tests leads of lesser safety than those originally 
furnished with the instrunu.-nt. 



a. 
b. 

c. . 
<1. 

e. 
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f. Do not touch any object which cotlld provide a current path to the common side of the 
circuit under test or power lino ground. Always stand on a dry surface capable of 
wlthatanding th<! voltage being measured, or that could be encountered. 

g. When makhig voltage and current measurements, ALWAYS start with the highest range, 
to avoid "pegging'' the meter's needle and or blowing the meter. 

Note: Pegging" the needlo or meter is when the Range Switch setting (Voltage and C^ur- 
rent) is set too low for the value being measured. This causes the needle to swing off 
scale hitting the "stops" located beneath the meter face. Many times it is done'hard 
enough and often enough that It will wend the needle, causing all readings that follow 
to become inaccurate. 

0|)e r ation. The following precautions and procedures arc? to bo observed when making a voltage 
current and resistance measurement using the Simpson 260 multimeter. 



a. Ensure that the "bananna" plugs of the test probes are in the appropriate jacks; 
Black probe in the "common (-)" jack and the Red probe in the "+" jack. (Most 
of your measurements will be made using these jacks). 

b. Set the "Function Knob" on "+DC" (set on AC when -laking AC voltage measure- 
ments). Most of your measurements will be made using this setting. 

c. Set the Range Switch on the highest voltage setting (oold face numbers-500V), if 
the maximum voltage value is unknown for the circuit being rtv asured. 

d. De-energize (turn off) the circuit to be tested. 

e. Place the test probes across or in parallel position with the component io be 
measured, o bserving polarity (Black to the negative (-) side and Red to the posi- 
tive (+) side). 

f. Energize (turn on) the circuit and try to obtain the most accurate reading, a "full 
scale deflection" (getting the meter's needle as far right as possible without 
"pegging it"). This is accomplished by lowering the Range Switch setting. 



Notej Most of the following procedures and precautions apply to Tiost other 



makes of multimeters as well. 



1. Voltage Measurement . 



POWKH SOl. HCK 
(BATTKHY) 
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2, C'lMTont Moasurcmont, 



a* K isuro that tho bimanna plugs of tho tost probos arc In the appropriate jacks; Black 
probe in tlie "common jack and the liod prohc in the jack. 

b, Knsuro that the function knob is set on (This meter IX^KS NOT read Ai current). 

(», Sot tho liange Switch sotting on th(J highest current range (bold face number-500MA), 
if tho current value of the circuit under test is unknown. 

d, l;o-energize the circuit. 

i\ Physically "break" into the circuit and place the tost probes in series with the component 
to bo measured, OBSERVING POLARITY, This is done by placing the Black probe on the 
negative (-) side and the Hod probe on the positive (+) side of the component to be 
measured. 



f. l^norgize the circuit. 

g. Try to obtain tic most accurate reading by trying to obtain a "full scale deflection" (the 
noodle as far to the right of the scale as possible, without "pegging" it). This is done 
by lowering tho range switch sotting. 



SWITCII 



COMPOMCNT 



p()\vi:h sovhci: 

(B ATT KRY) 



J 



VU\ 3-10. C urtvnt Measurement. 



Hosist^nco Moasuremont . 

a. Ensure that the bananna plugs of tho tost probes arc in the appropriate jacks; Black 
probe in tho "common (-)" jack and the Red probe in tho "+" jack. 

Ensure Miut tho function knob is sot on the "+DC" setting. 

c*. Sot tho Range Switch on the approximate resistance range of tho component to bo 

m(-isuroo (if kno.vn). If unknown, sot tho Rangt. Switch on Rxl or RxlOO (especially 
for "continuity" checks, which will bo explained). 

(i, IXj-onorgizo tho circuit and keep it do-enorgi/.od (off). 

Isolate (disconnect tho component to bo measured, so there is no electrical return path) 
tho component to bo measured. 

f. "/.(U'o" tho multimotor (always prior to measurement and each and every limo you change 
rosistanrtr r;.ng«» s<»ttings). This is done by touching tho ends of tho tost probijs together, 
uhirh Hliould cnuse ihn needle to deflect (move) to tho right. If tho nec^dlo docs not go 
•ai tlu> uav to /oro (ohms scale), adjust it by using tlu» "zero ohms adjust knob". 
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Fig 3-11. "Zero the Meter. " 



iM the tost probes across or in parallel with the component to be measured. You do 
not hiwi} to observe polarity (remember, the power is off), 

h, Try to obtain the most accurate or "mid scale" reading. This is done by changing the 
resistance range settings. Remember to "zero" che meter each and every time you 
change range switch settings. 



SWITCH 



COMPONENT 



POWER SOURCE 
(BATTERY) 



1%: 3-12. Rusistanco Chock. 



Contimiity Checkij . It means the same as resistance chncka, ho the procedure is the same. 
Coru-iruiitv cfiecks are norTnaU.v associated with checks mn de in cornoctlons or wires for breaks 
(Ofjcn.s) .111(1 nhorts (grounded). 
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(4) Ammeter, Your shop should be equipped with an pmmeter capable of reading at least 
100 amps. It should be of the internal shunt type. Ammeters are connected in the cir- 
cuit in series and indicate the amou./ of amperage being u'?ed or "pulled" by the circuit, 
^mmi'terK will have a pop'-ivt- l^) lead and a negative (-) 1 ad and are hooded into 
the circuit so th*^! the el^fctron flow will be from negative to positive. When 
inserting your ammeter into the circuit, make sure the power is off. Once you are 
satisriL»d that your meter is hooked up correctly, turn on thc» power and obtain a reading 
To re'nove the meter from the circuit, turn off the power, unhook the meter, reconnect 
the circuit, and turn the pow'i>r back on. If you are not sure of the direction of the 
electron flow In the circuit, ^.nce you. have the meter hooked up, turn on .he power 
momentarily and observe the pointer ur needle movement (most ammeter pointers move 
from left to right). If the needle movet; in the wrong direction, reverse the leads and 
you will be able to get a proper reading, A commonly used ammeter in the Marine 
Corns is the- hook-on-type voltammoter (fig 3-1 3). This meter simply hook? around the 
conductor and the current can be measured safely withi-at too much inconvenience. 
Voltage can usually be read with this mc ',er; however, the switch would have to be set 
to volts and the leads attached to voltage terminals across which voltage could be 
• measured. 




Fig 3-13. Hook-on voltammeter. 

(5) Hourmeter. An hourm?ter can also be used as a means of testing a unit. It can be used 
to check the cycli'ig or running \ime of a unit that is kept in continuous operation. By ■ 
keeping a periodic check on a unites hourmeter you can determine whether or not a unit 
is short- or long-cycling or if it is running continuously. An hourmeter is also very help- 
ful in the performance of pr eventive maintenance. Since maintenance is scheduled and 
based on unit running time, the hourmeter will give an accurate accounting of running 
li:nr, thus allowing for the performance of maintenance at the proper intervals. 
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3-4. IISK OF THE BAH GAGE MANIFOLD 

a. I nstalling the har gage manifold . The purpose of the bar gage manifold is to allow you to 
observe both low- and high-side operating pressures at the same time. It also permits charging, 
evacuating, adding oil. and purging of noncondensible gas with comparative ease. It is most 
importaut that the bar gage manifold be mstalled carefully and correctly. If it isn't, air may enter 
thp system and leaks may occur. The following is the proper procedure for mstalhng the bar 
Kafip manifold. (Refer to figure3-14for picture of the bar gage manifold. ) 

(1) Backseat the suction and the discharge service valves, 

(2) Remove the cans from the gage ports. 

CO CN)nnect the pressure gage line from the bar gage manifold to the discharge .service -alve 
gage port. Tighten the hose connections. 

(4) CV^nnect the compound gage line from the bar gage manifold to the .suction scrvu-c valve 
gage port. Leave the hose connection loose. 

(fi) Make sure that the center charge port on the bar gage manifold is rapped tightly. 

(5) Opon \ho rompouml and pressure gagr valves on the bar gage manifold 2 complete turns 
off their seats. Cl'urn the handles counterclockwise. ) 

(7) C'rark the discharge service v^lvc off its hacksrat. allowing the refrigerant push air 
out through the loosr hose connection on the suction servico valve; then, Ughten the ho^t* 
connection on the suction service valve. 
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(8) Close the compound and pressure gage valves on the bar gage manifold. 

(9) Crack the suction service valve off its backseat. 
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(10) Observe the pressures. 

b. Re moving bar gage manifold. It is also important to be equally careful when you remove 
your bariagelnanifold. The following is the proper procedure. 

(1) Backseat the discharge service valve. 

(2) Open rhe compouna gage valve off its seat 2 complete turns. 

(3) Make sure that the unit is running (if possible). 

(4) .Crack the pressure gage valve off its seat very slowly, allowing the discharge pressure 

in the gage lines to bleed into the low' side of the compressor, 

(5) Backseat the suction service valve. 

(6) Remove ^the bar gage manifold and install the gage ports, caps, and valve covers. 

c. Evacuating. Before dismantling any air-conditioning unit, it is first necessary to remove 
the refriger«^nt. The only exception to this is when a pump-down operation (explained in para 3-4d) 
is applicable. It is considered a good practice to discard the refrigerant from small units (if fresh 
refrigere ^ is available). On large units, the refrigerant can be reused if it is free of contamina- 
tion. There are two ways or methods of evacuating a refrigeration system: using the unit's com- 
pressor (if it is operative) and using a vacuum pump. If the unit's compressor is hermetic, it 
should not be used for evacuation. 

(1) Evacuating by using the unit's compressor (fig 3-14). To evacuate by using the unit's 
compressor, you should: 

(a) Stop the u iit. 

(b) Backseat the cjischarfje and suction service valve. 

(c) Install the bar gage manifold. 

(d) Place an evacuated (empty) refrigerant cylinder, of the right size to hold the system's 
refrigerant charge, in a container of ice water. 

(e) Connect a flexible charging line between the center port of the bar gage manifold and 
the service cylinder. Leave connection at the service cylinder loose, 

(f) Crack the discharge service valve. 

(g) Open the pressure gage valve on the bar gage manifold. 

(h) Af^er the air bleeds out of the lines (3-5 seconds), tighten connection at the service 
cylinder. 

(i) Open the service cylinder valve, 
(j) Start the unit. 

(k) Crack the suction service valve to obtain suction pressure readings. 

(I) Slowly frontseat the discharge service valve, observing the head pressure. If the head 
pressure reaches 150 psig, stop the unit until head pressure drops to 100 psig. Con* 
tmup the operation when the head pressure has dropped. 
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(m) Complete the evacuation. When the compound gage reads 0 psig, evacuation is com- 
plete. " . 

(n) Close the service cylinder valve. 

(o) Close the pressure gage valve and stop the unit. Warning ; If any part is to be re- 
moved or opened for repair, make sure that the unit is not in a vacuum (below 0 psig). 
Figure3-14 illustrates evacuation by using the compressor. 




Fig Evacuation by using the unit's compi essor. 



(2) F/vacuating by using a vacuum pump. You should: 



(a) Stop lh(' tjnii. 

(b) Backseat the discharge service valve and the sucttion service v.dvt;. 
(e) Install the bar gage manifold. 

(d) Connect a flexible charging line between the center port of the bar gage manifold 
and the suction port of a vacuum pump. 

(e) Connect a flexible charging line from the discharge port of the vacuum pump to a servic 
cylinder, leaving service cylinder connection locjse, 

(f) Cra(!k the compressor discharge service valve. 

(g) Open the pressure gage valve and turn the pump over, purging the lines between the 
bar gage manifold and the service cylinder*. 

(h) Tighten the service cylinder connections. 

(i) Close the pressure gage valve and open the compouncl gage valve, 
(j) Open the service cylinder valve. 

(k) Crack the suction service valve of the compressor to obtain a suction pressure reading. 

(I) Start the pump. Evacuation is completed when the compound gage reads 0 psig. 

(m) Close the service cylinder valve, then stop the pump, 

(n) Close the compound gage valve. 

(o) Backseat the suction service valve. Warning : If the system is to be opened for re- 

. pair, make sure that the unit is not in vacuum. 

d. Pump-down (f.g 3-15). Tho purpose of pumping down n unit is to trap the refrigerant in the 
receiver in order to repair or replace components without evacuating the system. The sequen(?e 
for pump-down is: Install the bar gage manifold, close the king valve, set the low-pressure con- 
trol at 2 psig, and then operate the unit until it stops. Turn off the power and check the compound 
gage. If the pressure builds tp above 2 psig, start the unit again and run it until the gage remains 
at 2 psig. Once the compound gage remains at 2 psig, frontseat the discharge servic:e valve. Now 
you can repair or replace any lines or parts from the king valve up through the evaporator, meter- 
ing device, drier, and back to the discharge service valve; this includes the compressor itself. 

Note: To make sure that the discharge reeds in the valve plate are not leaking back to the low 

side, you should frontseat the suction service valve and run the unit until 0 psig is rcacherl. 
Then stop the unit. If the compounti gage remains at 0 psig, the discharge valves are not 
ICfiking, 



Once pump-down has been completed and the parts have been repaired or replaced, you can 
restore the unit to operation. To do this, you would tighten all connections and then loosen the 
flare nut on the suction service valve with the valve frontseated. Next, open the king valve and 
allow the refrigerant to push whatever air has entered the system out through the loose flare tuU 
at ihr siictit>n si*r*vice valve. Tigtiten the flare nut on the suction servici* valve and then open 
all oihrr* valvt^s t(^ resume noi*mal operation. 

Char ging. Hefrigerant is added tothe unit by supplying it through the suction service valve* 
{low-side charging) or through the discharge service valve (high-side charging). In low-sicie 
charging, th(\ refrij^erant is always adiled in gaseous form. Low-sid(* charging offers good con- 
trol .)f the ehar'ging process an(i should be used whenever possible. Although it tak^s U-.fger, 
it is nuich sifnr and you are in comphUe control of the entire pr'oc^'SS. In hlgh-sidi» cnar•gin^^ 
tlip rffri^^erant is always added in liquid form. High-side charging is very rapid. Th<' amount 
r>f r-Mt'ricrcr-ant to be arldr^i must be weigh(»d or measui'CMi. While the charging process is goinf 
on th.e service cylinder must be inverted (turned upside (iown). 
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Fig 3-15, P^amp-down 
(1) Ixiw-ai de charging (fig 3-16). For low-side charging, proceed as follows: 

(a) Backseat service valves. 

(b) Install the bar gage manifold, leaving tht connections loose at the service valves. 

(c) Open both of the valves on the bar gage manifold. 

(d) Attach a Hexible line from the service cylinder to the center port on the bar gage 
manifohl. 

Note: Service cylinder will be in an upright position. 

(0) Momentarily open the service cylinder valve to purge the service lines. 
<f) Tighten all the connections at the service valves. 

(g) Close the compound and pressure gage valves. 

(h) Crack the suction service valve. 

(1) Crack the discharge service valve and get the head p-essure reading, 
(j) Cra(*k the compound gage val e. 

(k) Start the unit. 

(1) Keep suction pressure at approximately 30 psig by adjusting the compound gage valve, 
(m) Criarge the required amount of refrigerant into the system. 

Ndte: If the exact charge is unknown, charge a small quantity at a time and continually check 
^ the operating pressures, sight glass, and frostline. To speed up the charging process 
you can place the service cylinder in a container of warm water. 

(n) When enou^^h refrigerant has been added to the system, close the service cylinder valve. 
{(0 Ba(^kKeat th<» discharge service valve. 

(p) Allow the compressor to draw the remaining I'efrigerant out of the lines. 




(q) Close the compound pressure \alve. 
(r) Hackstuit the Buctiun Bervice valve, 
(s) Check the unit for proper operation. 



SUCTION UNe 




Fig 3-16. Low-aide charging. 

(2) High-side charging . In high-side charging, you must remember several things: first 
that the refrigerant is always added in liquid form and that the exact charpe must be in 
the service cyUnder--no naore and no less, Remenaber that the unit is not running, that 
that the service Cylinder must be inverted,, and that this is a rapid method ef charging 
a unit. You should also be aware that high-side charging is dangerous and unless it is 
done correctly, lines may be ruptured and the compressor can be damaged beyond re- 
pair. In order to charge liquid refrigerant into the high sid.» of a system, the pressure 
in the service cylinder must be higher than that in the system. If the system you are 
' charging is water-cooled, the pressure in the liquid receiver, with the water running, 
will be low enough to force the refrigerant from the cylinder into the system. If the 
unit to be charged is an air-cooled system, the pressure in the refrigerant drum will 
have > be increased. The high-side charging procedure is as follows: 

(a) Backseat both of the service valves. 

(h) Install the bar gage manifold and leave the connections loose at the service valv(»s. 
{c) Open both of the valves on the .bar gage manifold. 

(fi) Attach a flexible charging hose from the center port of the bar gage manifold to 
the service cylinder. 

(v) Opon thr service cylindpr valve and purge the lines to the servic e valves. 
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(f) Tighten the connections at the st»rvic:e valves, *' 
(k) (Mosr hdth VHlveH on the bar gage manifold. 

(h) Inv(»rt the service cylinder with the exact char^ge and support it S(»(?urery, 

(i) Open the pressure gage valve» 
(j) Crack both service valves. 

(k) Liquid refrigerant will be forced into the condenser and receiver. 

(1) ' Apply h(»at to the service cylinder by using rags soaked in hot water; when the cylinder 
is empty, remove the rags. 

(m) Wht»n the cylinder is empty, close the cylinder valve* 

Note : When charging through the high side with liquid refrigerant, the refrigerant will make 
a gurgling sound. When this stops you will know that the cylinder is empty. 

(n) CUose the pressure gage valve, 

(o) Hi-move tht» service cylinder, 

(p) Start the unit and check its operation, 

(3) [)et(^rmining the char ge. There are three methods of determining whether you have the 
correct refrigerant charge in a system: sight glass, pressure determination, and 
weighing the charge, 

(a) Si ght glas .s. In a system that is fully cliarged, the sight glass will show a clear flow 

of refi'iger rjnt; in fact, will appear empty. If the glass appears cloudy or bubbly, 
it usually means that the system is undercharged and that more refrige^^ant is 
necessary, 

(b) Pressur e determination . After charging a unit with an estimated charge, it may be 
necessary to determine if the charge is correct by using the pressure determination 
rnreihod. This can be done in two ways, either by using the head or discharge pres- 
sure, or by using the suction pressure. After the charge has been added to the sys- 
tem, the unit must be run until the pressure stabilizes. Once the pressure stabilizes, 
the ambient temperature must be determined. The ambient temperature will vary 
depending on the type of condensing unit that the system uses. The actual temperature 
(^f the condenser is taken and then a certain number of degrees Fahrenheit is added (see 
fi^r 3-17 for the correct number of degrees). Then by checking the pressure/temper- 
ature cnart you can determine whether the pressure is correct. 



i*'xample 1. To flc^termine the head pressure of a 
natural convecMion unit, first take the temperature 
of the condenser. If the temperature Is VS** F, you 
add 35°F to it (fig 3-17). Thus: 75^ + SS^F = 
1 10** F. Now check tne pressure/temperature 
(*hart. If th(» refrigprant is f'-12, you find that 
thf pressure gage should read 136.4 psig. If it 
reads Imss, more refrigerant is needed. If it 
reads mon», some refrigerant will have to be 
iwacnated. 



Type of Condenser 


Temperature 


Natural convection 


Ambient temp 




+35° F 


Forced couN^ection 


Ambient temp 




4-30" F 


Water-cooled 


Ambient temp 




4-20^ V 



Fig 3--17. Temperature chart for 
determining ambient 
temperature. 
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Kxamplc? 2 . The normal suction pressure of a unit would be equal to the evaporator' 
trmperatiiTe mi'nufi 10® F regardless of the type of condensing uiilt. Assume you find 
that the eva|x)rator temperature Is SO"* F*. Yoi. subtract 10"* to give you an ambient 
temperature of 20° F. The pressure/temperature chart shows that the gage should 
read 21 . 04 psig. 

(e) Weighing the charge. This is a simple method; however, the charge must be known 

in advance. First an evacuated cylinder is ^veighed and then the necessary refrigerant 
is put into the cylinder, 

(J 

Kxample: If an evacuated cylinder weighs 15 lb and the TM specifies i\ at the unit 
needs 5 lb of F-12, the filled cylinder should weigh 20 lb. The cylinder is placed 
on a scale ..'^nd the system is charged (filled) until the scale again reads 15 lb. 

f. Removing and adding refrigeration oils ^ 

(1) Removing refrigeration oils. In case there is an overcharge of oil in a system, the 
excess must be removed. If the oil has become contaminated, it must be changed. To 
remove oil from a system, follow this procedure: 

(a) '^Attai'h a compound gage to the low side of the system. 

(b) Start the compreSvSor and gradually frontseat the suction service valve until the 
pressure in the crankcase drops to 1 pslg, 

(c) Stop the compressor and .frontseat both the se'rvice valves. 

(d) Drain the oil through any valve or plug below the service valves. 

(e) Replace the plug and tighten or close the valve. 

(f) Place the system back in operation. 

Note : Always purge air from a system, whenever it has been opened. 

(2) Adding refrigeration oil . There are two mejihods of adding oil to a compressor: the low- 
side vacuum method and the oil plug methocl. 

(a) Oil plug method. To use this method, proceed as follows; 

1. Attach a compound gage to the low side. 

2. .Start the compressor and slowly frontsea'. t*.^ suction service valve until a pres- 
sure of approximately 2 psig is reached. 

Stop the compressor and frontseat both of the service valves. 

4. Slowly remove the oil gage or the oil filler plug. 

Slowly add the required amount of oil through a clean, dry funnel. Do not add 
morr than 1 /4 pint at a time 

fi. Rfplacf and tighten oil plug or gage. 

7. Return the service valves to their normal positions. 

(b) \ acuum method (fig 3-18). To add oil to the compressor using the vacuum method, 
proceed as toliows: 

1. Install thf» bar gage manifold. 

2. I'rontsf^at Mie siiction service valv(\ 
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3* Run the unit un^il the compound gage registers a IS-inch vacuunn*. 

4. Slop the unit. 

5. Install a flexible charging line from the center port of the bar gage manifold lo 
the oil container. 

Note; Always place the end of the charging line well below the surface of the oil in the oil 

container. This will insure that only moisture-free oil is drawn into the compressor 

6. Crack the compound gage valve; atmospheric pressure will force the oil into 
the compressor crankcase. 

7. Add only about 1/4 .pint of oil at a time. 



¥^4,¥m I I I I I I I I 



1/ 
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I 

I 

N 

I 
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Fig 3-18. Adding oil to the compressor, vacuum method. 
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.1-5.. MKTUODS OK MAKINCl A JOINT 



a. (ierieral. Am an alr-crndltioning mechanic, you will liave to he able to solcfer and braze jointi 
ThP8(» joints'must bv ^asti«ht to prevent Wixka^v of t*(»f rigeTant or loss of pressure. To make these 
joints, you will be using the solder and brazing kit and associated materials found in the oxpond- 
able supplies kit (solder, solder and brazing flux, and acetylene). There are two types of 

solder joints! soft solde»r jgints and hard solder or brazed joints. The difference in the joints 
is d<*ttM-mine<l by the degree of temperature and the stress that the individual joint must with- 
stand. Joints that are und(»r little or no stress and are required to withstand temperatures not 
exc fading 250° V can be sofi -soldered. Other joints will be hard-soUfered or brazed. When 
making joints of any type, you must remember that they have to be strong an(» leakproof. This 
is especially impcu'tant when working with solder* because you eanH take a wrench and tighten 
a solder joint. There are six things to remember when making a solder connection: 

• The joint must fit propi»rly and have the right clearance. 

• The surfaces that are to be cronnected must be thor(5Ughly cleaned. 

• F'lux m'KSt be applied evenly over the connecting surfaces. 

• 'I'he joints must be properly assembled and supported. 

• The joint and connt^ction m-ist be uniformly heated and the .bonding material properly 
applied. 

• Onee the eonnection is coniplete<i, it must be cleaned. 

b. Solder'ing. In mnst cases you will be dealing with joints that must withstand temperatures 
of less'7han 2^)0^ V anti that will be under little or no stress; therefore, you will be making soft 
soldrr joints. Also, you will be dealing with tubing of less than 1 inch in diameter. P^irst, the 
Tni)ing must be squarely crut. To do this, you should use a tubing cutter. However, if a cutter is 
not available, 'you ean use a hacksaw if a miter box is available to insure a square cut. Next, 
thoroughly clean the ends of tubing, both inside and out. You can use 00 sand paper, CO steel 
wool. er(ij;us clo'.h, or em^^ry paper for cleaning the tubing ends. Make sure that you wipe the 
(Tean(»:l surfaces off with a lint-free cloth. Now apply a noncorrosive flux or soldering paste, 
insuring that tlie surfaces are thoroughly eovf^red. The flux or paste pr-events oxidation which 
wo\il(l catise the joint to be weak or to l(?ak. Then, assemble the joint. Now select one of the small 
iifjs from your brazin^^ and soldering kit and prepare to h.?at the joint, .leat must be applied 
•v-enlv over* th-* entire join" area. Wh??n ':h » join* is hot enough, tou':h *.he solder- to the metal 
surfane and allow it to run into the join^ Do not m-^lt the solder with the flame from th? torch. 
Allow the joint to becomv hot enough to mcltThe solder and run '\n\o the join*:. O.noe the joint is 
comph'tely soldered (th - joint is completed when a thin lin? o"* solder appears at the top of the 
jt>oir)» alU)w it to /o:)l an i harden. Do n-)t cool a soldertM-] oonnecMon by any means other than 
naU: al cooling. Then, clean the '^int to remove excess soldv^r a.ad flux. It is not necessary to 

use a lo» of sold(»r: cmly use what s necessary to seal tho joint and make it gastight. 

( . \{.\vA soldcfinij and brazing . The terms hard solderin,-:^ and brazing are often x'iv(\ .n'.er- 
chancM^ablv; howeveT\ there is a difference. Brazing requin^s heating of the metal surfaces to a 
tt mperatur-e above their* melting point an(i allowing the metal to fuse together with the use of a 
br-azing r^od. Brazing flux is used to prevent oxidation and weakening of the joint. 

Note: C^ritical point and composition of the n^etal n-uat be known, and an experienced 
supervisor should be on hand whenever brazing is attempted. 

MarM soltlcrMMg requires the use of silver alh^y solder which has a high melting point. Hard 
s«>hicr'ing tecliniques are much the same as those used for soft sol(U»r ng, however, hard solde^r- 
\nc r-cquircs more heat. To get more heat to the joint areas, you would use a medium tip or maylx* 
even the large tip, de^pending on the size of the joint and the amount of heat required. When making 
a har-d solder ,]o\n\. you still rnu.st cut it squar-ely. pr-operly clean it, oroperly put it together, and 
jpfilv flux 'lb * joint is then evenly h(Mted to ttte mc^iPs melting po,nt and tlie silver solder 
.ipplicd .is vou uould when using sr)rt solder*. ()nc*e tlie loint is C(;mplotcd, it must also be 
cle.ujed. i-'i^.i.r'c A-ID shows the proper sequence for soldering and br*a/.ing. 





Allow the solder or bra/lng Clean the completed joint and then 

material to run Into the joint until move on to ♦he next connectton. 

a fine line appears between the 
)oint and the tubing;* 



FiK i^-iy. Sequence for making a soldc^rod or brazed joint. 

S-G. THOriU-KSHOOTrNC; 

T!'oubh>shoniin0 is in^'iun^ ^iblc to discover what is wrong with u unit or system and to determine 
xvhat to (In to fix it. Tables 3-1 and 3-2 are troubleshootinfi charts which are generally applicable 
to all lvp(>s of air ron(iitionors. These charts will list a complaint followed by one or more causes 
anri thf- possil>le remedy. Although these charts apply to most air conditioners, manufacturers in- 
chidf rntwe dctailrtl and specific infoi'mation in publications (TMs, operating manuals, etc.) per- 
taminti to the! r units. 
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Tablo S-L Troubleshooting Chart, for Air C:on(liUonc*rs with Open-type Compressor 



Complaint 



C'auHe 



Possible remedy 



a. Klectrie motor will not 
start. 



1 . Fowc r tailurt*. 

stuck. 

:i. Helt is too tight. 

4. Manual reset In 
starter is open. 

T). Ttierwnoslat is 
set tt)o high. 

(). Low voltage. 



1. C-heek rireuit for [)ower Houi'ee. 

2. Locate cause and ri«pair. 

3. Adjust the bolt tension. 

4. I^'ind cause of the ovcrloati aiul 
repair it. IJeset ovi*r'loa<l cutout. 

f). Lowe le setting. 



Check out with voltmeter then 
call bast» maintiMiance or an 
electric ian. 



7. Burned-out motor. 7. liepairor ri»place motor. 

8. Frozen compres- 8. Remtive and repair tlu* com- 



sor caused by a 
lockj»d or dama^^- 
ed mechanism. 



pressor. 



b. Unit cycles on and off. 



1 . Intermittent 
power inter- 
ruption. 

2. High-pressure 
cutout is <Ii"* 
fective. 

'i. Higli-pressure 
cutout is svi 
too low. Over- 
load opens onvv 
it has btn^n reset. 

4. Leaky liquid line 
solenoid valve. 

f). Dirty or ii-ed 
evapo»"ator. 

f). Overcharge of 
rf^frigerant or 
noncondonsiblc 
gas. 

7. Leak of refrig- 
erant. 



8. 



fiest ricted 
I Kjti i(i I ine 
St rainier. 



1, Tight<»n connections replaci* 
dt>fective power supplv parts. 



2. Heplaci' high-pressure cutout, 



3.. Raise the cutout pressure. 

Check the voltage and c:urrent 
being cirawn. 



4. Repair or r eplace 



CHean or defrost the evaporator 
C'hi^ck the filters and fan drivt^ 

liem(W(^ any t^xcess reffigcrant 
or purc^t^ syst(Mn of nonoonden- 
.si[)le gds. 



7. Locatr and repair leak thetJ 
rechargt^ the systi^m. 

8. Ch'a!i or replace the st/'ain<M* 
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Tublc Troubleshooting Chart for Air Clotuiit iooors with Open-type Compressor--eont(J 



Complaint 



Cause 



h. Tnit eyi^leH on and off. --contd 9, Faulty motor. 



Pofcjbible renu'c^ y 



9. Kepair or replace the motor. 



e« C-oil frosts. 



1. Dirty filters. 

2. Not enough air 
eirculal ing over 
the coil, 

3. Defective ex- 
pansion valve. 



1. C!lean or replace filters. 

2. Clean out or remove any 
r(»striclions from the sup[)ly 
or return air ducfs or grilles. 

li. Replace the valve. 



d. 'I'hi* unit runs l)ut 
will not roo^. 



1 . The unit is not 
fully charged. 



2. Leaky suction or 
(list;harge valve. 



.'j. Kxpansion valve* 
is improperly set, 

4. Straint»r is clog- 

5. Air in the refrig- 
erant. 



1. Recharge slightly, then locatt.^ 
and repair any leaks, Then 
r(»charge the unit, 

2. Remove the compressor 
cylinder head and clean or 
replace the valve plate. 

3. Adjust the expansion valve. 



4, Remove, clean, and r»"=^place 
the strainer, 

5. Purge air from th(» unit. 



Moistur'e in th(» 
expansion valv(* 
orifice. 



6. Clean the valve orifice and 
install silica-^el dryer. 



7. Flash gas in 
liquid line. 



V. Add refrig(»rant. 



No air- blowing f ram 
the supply grille. 



1. Ice or dirl on ihv 1. CU»an th(» coil or dt»fr*ost. 
eva|>orator. 



2. The i>l()W(»r belt is 2. Adjust tt»nsion or replac(» the 
l)roken or loost*. bell. 



3, Hlr)wer b(»aring is 'A. I*'ree or replace bearing, 
f ro/en. 



r. Discfiarge f)r*essure 1. Condensi'r is not 1. Correct the airflow, 

is icu) \\\i[h. of)er*ating properly. 

2. Air in the system. 2. Purge. 
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Tablr H-U TroubU^Hhooting Chart for Air CoiuJitioners with Open-type' Comprc*s»or--r()iit(l 



J5 





Co n»plu iiit 


Cause 




Poss ible r(*nie(iy 


I • 






Ovenrharge of 


3. 


Hemove excess or pur^^e the 




is too hif{h« -"Cont'd 




refrigerant. 




sy st e xn • 




DiHchui pri'ssure 


1 . 


l^at.'k of rc»f r i}:;erant. 


\. 


Locate and r<'pair leak. Charge. 




IS too low. 














2. 


Broken or leyky 


2. 


fieniove the head, locate and i*e- 








(!ompr(^ss(jr (lis - 




place any valves that arc opor- 








charge* valve»s. 






h. 


Suction pressure is 


1. 


Overfeefling of the 


U 


Hegulate th»» expansion valve's 




Kin fi i^n* 




expansion valvf. 




superheat setting. C'heck to 










S(»e that the remote bulb is 












properly attached to the siu:tion 












I iiH*, 






2. 


Kxpansion valve i« 


2. 


Kepair or replace the valve*. 








stuck op(*n» 










3. 


Iirok(»n svu'ti'* \ 


3. 


Remove the h(»ad, locate* and 








valv(* »n the c^om- 




re*place* any valve* s that are 








pressor. 




o[)e*rating improperly. 


i. 


SyHtt»m pressuri* iK 


1. 


Lac'k of refrigc»rant. 


1 

• • 


IjOcatt* and re*f)air le*ak. C'hurge 




too U)w, 














2. 


.Clogged liquid line 


2. 


Cle*an or replace. 








strainer. 










3, 


Kxpans ion valve 




Replace the valve*''s pow er 








power element has 




ele*ment. 








^ost its eharg(». 










4. 


Obstructed expan- 


4. 


CHean valve. Replace* if nece*s- 








sion valve. 




sary. 






5. 


("ontrol thermostat 




Repair thermostat, f^(»pl*ice 








contacts an* stc-ck 




if n(*(M»ssary. 








in closed position. 
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I'ublf TiHiublfsh(H)tiiig Chart for Air Conditiont^rs with lh»rmi»tic Compressor 



Canst' 



Possible romcdy 



u. 


C()nipr*t»ssof !*uns 


1. 


Air over* tht* 


1. 


Remuvt' the restriction or 




lontlnuously; 




(:on(lenai»r is 




increase the ?ir circulation. 




g{>o(l r*<»fi'iKcrat ior\ 




r<»stric*t(»d. 


















u. 


C(jm|)r'(».ss()r* rnins 


I. 


Thermostatic 


I. 


Heplact' the thermostatic 




continuously; unit 




switch contai ts 




switch. 




is too t*ol(l. 




ar*^' baUly burn(»d. 










2. 


Thermostatic 


2. 


S(H:ure the bulb in place. 








switch bulb has 












become loose. 












I'hermostatic 




Ht»a(!jUf:t co: -octly. 








switch is im- 












prop(»rly aci- 








• 




jusleo. 








C.!omprt»ssor runs 


1. 


Extremely dirty 




Clean the condenser. 




corn inuous ly; little 




condenser. 








r'.'fr im* rat ion ffffcl. 














2, 


No air circ^ula- 


2. 


P'^ovide pr(^})er air circulation. 








ting over the 












condensi i\ 












Ambient temper- 




Provide* ventilat i.'>n or move unit 








ature is too high. 




to a cooler location. 



4. Load is too great. 



d. Cr)mpressor runs 
corii inu' >us I v; uo 
r ffr iiM-rat iori flTecl , 



4. Analyze th(» load am! make appro- 
priate changes. 



I. A rt»striction pre- I. Locate* the possible points (jf 



restriction, and try jarring 
with a plastic hammer, or 
heating to a temperature* of 
about I 10^ F. If the restriction 
duos riot op<»n, re'place the unit. 



v(»ntinfj th.' r(»frig- 
•erant from enle^r-* 
in^T the evaporator. 
(A restriction is 
usually indicat<'d by 
a slight r(»frigerant 
eff(»ct at th(» point 
of restric lion. ) 

2, C*()mpressor not 2, Replace the unit, 
pumping, 1'his 
would be indicated 
by a c(^()l discharge- 
1 in*' and ^ hot com- 
pressor housing. 
'1 he w attage is 
rally low. 

.'L Sliort (jf refrigerant, :l (*he( k rnanufactur'er 's instructions 

and add r*ef r i^(er'ant. 
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Table b-2. 1\ jubleishooting Chart for Air Conditioners with Hermetic Compressor --contd 



CompHint 



Cause 



Possible remedy 



e. Compressor short 
cycles; poor refrig- 
erating effect 



U Loose electrical 1. Locate and tighten loose con- , 
connections* nections* 



2. Defective ther- 
mostatic switch. 



2. Replace the thermostatic switch. 



3. Defective motor 
starter. 

4. Air restricted at 
the evaporator. 



3. Replace the motor starter or 
relay. • 

4. Remove the restriction. 



f. Compressor short 
cycles; no refrig' 
e rating effect. 



1. Dirty condenser. 1. Clean the condenser. 



2. Ambient tem- 
perature is too 
high. 



2. Provide ventilation or move the 
unit to a cooler location* 



3. Defective wiring. 3. Repair or replace the wiring. 



4. Thermostatic 
switch is. operating 
erratically. 

5. Relay erratic. 



4. Replace thermostatic switch. 



5. Replace the relay. 



g. Compressor runs 
too frequently. 



1. Poor air circu- 
lation around the 
condenser. 



1. Lie r ease Ihe air circulation. 



2. Ambient tem- 
perature too high. 

3. Load too great. 
Worn compressor. 
Generally accom- 
panied by rattles 
and knocks. 



2, If possible, increase ventilation 
or move unit to a cooler location. 

3. Analyze load. Replace unit. 



h. Compressor does 
not run. 



1. Motor is not oper- 
ating. 



1. If trouble is outside sealed 
unit, it should be corrected; 
i.e., wires, switches, and 
relays repaired or replaced. 
If the trouble is inside the seal* 
ed unit, replace .the unit. 
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Table :i-2. Troubleshooting Chart for Air Conditione- with Hermetic Compressor--cont(l 



Complaint 




Ca\ise 


.Possible remedy 


* 

i. (!ompress()f will 


1 . 


If the cabinet has 


I. 


Wait about an hour and th(»n 


not run (assume 




been moved, some 




attempt to start the motor by turn- 


here that the 




oil may be on top 




ing the current on and off several 


thermostatic switcth 




of the piston. 




times. With some compressors, 


and relay, electric 








it may be necessary to wait 6 to 8 


wiring, and cui'rent 








hours. 


supply are in good 










eondition and (^per™ 










ating properly). 








Heplace the unit • 




2. 


Compressor may 


2. 






be Hti -k, or some 










internal parts 








• 


1^ i \.l W\\ lit 










Connectiorio 


3. 


H(»plaue unit. 






broken internally. 










or motor windings 










may be open. 








4. 


Piston stuck in 


4. 


May be possible to start the 






(cylinder due to 




compressor by turning on cur- 






long period of 




r(»nt and tapping the outc^r 






standing idle. 




housing with a rubber mallet. 


j. C*ompresKor is 


1. 


Dirty condens(»r. 


1 • 


Clean the condenser. 


unusually hot. 










2 


T.;^cU nf ail' t'ireu'* 


2. 


Increase air circulation. 


t 




1 at ion. 








3. 


. 

Unusually heavy 


3. 


If possible decrease the load. 






service or load. 




Perliaps another unit is re- 










quired. 




4. 


Low voltage. 


4. 


Check unit's wiring. Wires may 










be too small. Hot wires indicate 



k. No refr igerat ing 
effect whi»n start- 
inu after a lonu shut* 
down or upon 
dt-Hverv. 



5.. A shortage of oil. 



they are too small for W\o load 
and should be replaced wilh larger 
ones. If wires are okay, call an 
(electrician and have power source 
checked. 

5. Acid oil if fxissible; if not possible, 
replace the unit. 



(lenerally, during 
a long shutdown, 
an amount of liquid 
refrigerant will 
get into the crank- 
case of th<* com- 
pressor. Whcm 
this occurs, the 
compressor oper- 
ation will cause no 
r et'rigeraluig cffccM 
until after all \.hv 
liquid refrigerant 
has evaporated 
from the i*rarjkcase. 



Allow compressor to opi»rate 
until its internal heat drives 
all the liquid from the crankcast* 
Under som^^ conditions this may 
take as long as 24 hours. 
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TiiUU' 'rr'oubh^shooting Chart for Air Conditioners with Hernnetic Compressor--cont(i 



Complaint 




Cause 




Possible rerriedy 


I* Noisy c*()rTiprc»ssor» 


1. 


Mountings have be- 


1. 


Replace the rubber mountings. 






come worn or de- 










teriorated. . 








2. 


Unit is placed near 


2. 


Place sound-absorbing material 






a wall of an extreme" 




on wall, or move the unit to a 






Iv hard surfare which 




different location. 






greatly amplifies any 










slightest noise. 








3. 


Shortage of oil and/ 


3. 


If possible, add oil and refrig- 






or refrigerant. 




erant." If not possible, replace 










the unit. 




4. 


The sealed uiiit 


4. 


Replace the unit. 






mtM'hanism has 










become worn. 






lil. / k 1 L 1 C Cl V 11 liC^lI Lii^ L 


1. 


Slight shortage of 


1. Replace refrigerant if possible; 


lher»e is a long 




refrigerant. 




if not, replace -the unit. 


on cych* before? the 












2. 


iJirty condenser. 


2. 


Clean the condenser. 


18 a^am normal. 








Secure the bulb in place. 




3. 


Thermostatic switch 


3. 






bulb is loose. 








4. 


Restriction between 


4. 


Attempt to remove the* restriction 



the receiver or con- 
denser and/or the 
evaporaloi\ 



by jarring with a plastic hammer, 
or by heating to about 110" F. 
If this does not correct the 
problem, unit will hav<* to be 
r(»placed or brought to the 
shop for repairs. 
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RKPAIH AND REPLACKMENT OK MAJOH COMPONICNTS 

a, (MMuTiiL To iriHuru* UiU^i arid satisfactory opt^ration of air-conditiuning uriits aiul svhUmus, 
thtTc arc* a<ltlit iorial tcslH arul Djuifitciiatuc f)fnr<'flurcH urccssary to flftcrmiuf wluMhrr' U) rrpair* 
or rrplaof a major component of a unit or systrrn. These romponmts art' <M>mpr'essor's, cfin- 
(irnsrr's, motrirs, metering devices, c^vapori^tors, and controls. We will discuMs g(»uer'al pro- 
cedures thai are nec(»asary to determiru* propter operation of thetii^ components. 

h. I VI()tt)r servic^e . Motors are usually quite rugged and r(»liabli\ Th(»refore, motor ma in- 
terna nce"iT7jsuaTl>^^ Major motor repairs, such as rewinding, are nc^t attempted at your 
level of maintenance*. As far as you are concerned, motor care will consist mainly of lubr ication, 
cleaning, and seeing that the motor- is not abused. You may experience problems with bt^ar-ings, 
dirt and grease, arul, in the case of 0]w i motor /compressors, belts. 

(I) Bearings. The most ctmimon t?auses of bearing trouble* are improper aline mcMit during 
installation and inadequate lubrication. If a bewaring gives you trouble, it must be re- 
. plactnl. Hearings should n(jt be removetl unnecessarily bju'.ause they are easily (larnaged. 
Normally, to remove a ball hearing, thr vni\ bvUs of th(^ motor are removed and the 
rotor, shaft, and bearing assembly are removed from the motor. If the bearing housing 
has a r'emovabh* outer cap, it is sometimes possible* to rc^movf* the* bc^arings without 
fem<iving the end bells. When r*e moving a ball bearing from the shaft, you should exc^rt 
pr'oHSure only on the inntjr race (fig 3-20), If this is not possibloi pressure on the outer 
mcv must he evenly distributed over the entire race. Pressure should b(» apf)lied 
steadily and parallel to the shaft. Hcfore removing a sl(?eve bearing, an air gap 
measurement is nornially made to determine the amount of wear and to see If the 
hearing is out-of-round. Small sleeve bearings may be carefully tapped out. but 
bearing pullers are usually required to remove the larger size sleeve-type bearings, 
hearings are replaced by applying steady, oven pressure or by tapping lightly. 
Hall bearings must not be forced onto a sluift that is too largo or badly worn. Crease 
retainers and oil slingers must be in place. Dirt and for-^ign matter must be kept 
out of bearing recesses as they will scar the surfaces and cause the races of ball 
bearings to become distorted. If a race is distorted, the balls will get out-of- round 
and cause an excessive friction loud on the motor. After installation, bearings 
should be rotated by hand to see that they roll freely and without noise. Protective 
covers must be in place and be tight to prevent dirt and moisture from, entering 
the bearing housing. 



Oute^ 
race 




!*1g Single- row nidial ball bearings. 

(2) C'lc^aning. F\xcep1 fr^r totally enclosed motors such c^s thosi* in hermetic* units, dirt, 
(hist, an<l gr-eas(^ will accurruilate inside a motor during h)ng periods of use. When- 
ever* a niot )t* Is dismantled, you should ch^an ii thorougfily. C)nly fluids of g()0(! 
dndeetr-ic (|uality should be used. There are Several flui<is appr'oved lor* motcir ch»an- 
nui, 

(.0 IWdts. lielts will be found on units that empb)y an open-type motor/compressor. hT 
(>r<ler~ tf) obtain long and sat isfactf)r-y use from V-belts, the nv)t()r- pulley and flywheel 
riuisi l)e ill exact alinenient arid the hells under* proper tensi()n. Moth the motor- and tin 
• •«M]ipressor must be s»*cur« ly mounted on the base. An i rnpr-ot)er ly adjusted bell u ill 
cans*' slippane, excessive Wear*, .-irid del er'iorat ion--o('t en to tfie point f)f l^urninu. A 
eor r'«*etl\ adjusted belt can be depressed 1/1:^ to :^/4 inch by the pressure* of onr Unm r 
.11 a point nudwav beiwe»*n th** motor* pulley and the flywherl. You can adjust the I . Us 



ERIC 



hy ruovn»H adjuHlahU' motor faiUs or hy adjusting th*' helt-t ightcning (h^vii^f. WluMi 
n«plar«Mncrit of niw l)''lt of a tnultiplc V-b(^lt drive is nect^ssary, a I'ompletc new se* 
{>f niatchcfl f)elts should f)e inHtalled. Htdts HlrvMcfi f(insiderahly during the first fc'W 
hours of operation. If you wen* to r(>plac:e a single belt» the load balaiuu* would bei'ome 
upscd betwe(»n the old and new belts causing the load to be unbalaneed. Belts, motor 
pulleys, and flywheels should be kept free of oil and g!*ease and kept dr-y at all times. 

«*. ('om|>ressor testing arid servh* in g. C!ommon troubU»s with compressors are: leaks al llie 
suctiorTor (liscdnirrir^^'alvt^s, leaks "aMlu* gaskets, and leaks |)asl the piston and piston rings. 
These leaks may eaust* sueh rnalfunetions as: (1) A suddt^n (!(*ere'as(» of refrigt^rat ing af)ility, 
(2) a gra(hial flecrrease' of ref r iger^at ing ability, or {:<) an itjability to produee or* maintain thts 
!U»cessary low-side pr(>ssures or vaeuunfis whit'h would eause the eomf)reSsor' to eitht*r run 
eont inuously or too long during eaeh cyeU*. * . 

(1) C' ompr(»ssor tests , [Jefort* you tear into ^ eornpr'essor y(ju mu^t be sure that the trouble 
IS in the compressor and not in anoth(»r part of the systj-m. Helow are thi» proi-(»dures 
for testing for t:ompr(»ssor leaks at valves, pistons, or gaskets. 

St<'p 1. C'ontJvc-t a ecunpound gage to th(» sui'tion S(»rvie(» valve and a pr(»ssure gagp to 
th<* eliseharge servlt:e valv(». 

. Step 2. (pr<'liminary punip-down). Start the eompr(»s«or and partly elosf* the suction 
S(»rviee valve. This must be done earc^fuUy so that th(» vacuum is r(»ducM*d to 20 to 25 
^ inclies of mt-rcniry in not lt>ss than 10 minut(>s. (You will have 1o constantly adjust the 

suction servici> valve anc] keep your eye on the compound gage anci the clock.) By slowly 
r'fducing the low-sidi» pr t'Ssur'e, you prevt^nt rapid separation of th(» refrigerant froni 
tlu^ crank(*asj' oil and exe(\ss oil from getting ihr compressor valves whieh may make 
t}u'm temporarily fret* of leaks. If you catmot obtain a vacuum of more* than 10 or 15 
inches of mf*reury, or if it takes a long time (15 min or IcMiger) to get the vacuum down 
to 20 or more inches of merc^ury, indieatiorjs are that the suction serviee valve or* com- 
pressor* valves art* l(*aky, ^ 

Step 3> Stop th(» compressor, opt»n the suc^tion service valv(» all the way, and wait for 
0 psig l(iW-Sid(» pr(»ssuie to build up. To spe»Mi uf) the pressure* buildup, you I'an open 
the cabinet doors or warm the evaporators with warm rags or water. 

Step 4. Start \ho compressor again. Clost* tht* suction s<.'rvic;e valv(» and wait for a max- 
imum vai^uum^ to build up. A.'^'soon as maximum vacuum is obtained, stop the compressor, 
Maximum vacuum should be reached iu 30 stu^onds or h»ss. This vacuum should remain 
almost wirhcnjt change for as long as 5 minut(*s. If thr* vac^uum does not hold, it indicattss 
either If^aky valves or leaks past tht* pistoh or piston rings. This ^.-ould also indicate a 
b'aky [H'ud gasket. 

2^ote: You should not atterript the t:cst for n.aintaining 'a vacuurri until aft(?r preliminary 
pun^p-down (step 2) because so nmch refrigerant may be released fron. tlie 
cr.'inkcase oil that the gage pressure could be raised even with the sucti(m 
service valve closed, 

St(»p 5. Optm tht» suc'tion serviiM^ valves Wait for the vacuum to dfu-n^ase, 'i'fien close 
the discliarge servii'e valve. 

Sti-[) rsir)^ the flywlieel, turn the compressor over .sh)wly by hand until Uie pressure 
liTgT~?'«»ac[ies 12') U) If)!) psig. H' the pressure r ises. s h)W ly, or rises and falls, o^ does 
not r'lSf Idgli enough, it would indicate^ that: tin* discharge \';Tve is leaking, theiH' ai*e 
leaks past the pist(m or piston rings, or tht^ head gaj.ket is leaking. 

If tiu- pr«-ssure drops rapidly after tlie compressor has been slopped, the same taults listf(l 
al»ov.- ar-i' jndu-atcd. If there arc no leaks, tiie head pressure^ \v»'ll increase ^o a certain i)oint 
(hi'iw»MM\ 12;") tf) 150 psig) anu retnaui i'onstant. After* observatinns ha\M^ been ma(h and you are 
satisfied as to u hat is or is not wrong, the high pressure sfiouhl be r-elieved. 
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{2) y^vvv'u'ing. When si»rvioing the (•c)m|)r'i»yK()r, you should romo>'(» only the parts ne»fe-ssary 
ITrTrTiTkt* r'epaif'H. 'lic^fore rf»asK(»mbling the compr^^ssor, inspect any other parts which 
luwe bc-conie an . nl)le. All parth should be carefully cleaned with an approved clean- 
iny fluid and alh . ed to dry in air. When you disassemble a compressor, be very care- 
ful not to scratch or mar gasket He?alinK surfaces. New gaskets of the correct material 
and fhickness must be installed when you reassemble a compressor. When you are dis- 
assembling a et^mpreF.sor, all parts should be clearly markt»d so that they may be replaced 
in their original positions. Clean lubricant should be applied to all bearing and rubbing 
surfaces of par ts that are being installed. The compressor crankcase should be drained, 
I- leaned, and filled with fre»sh oil. 

Ser-viiMTig, compressor valves. Once tests have shown a decidc»d possibility of valve trouble, 
the valve plate will be(!ome accessible by rf»moving the cylinder head. Check the staling 
surfaces t(^ insur'^^ that there are no dirt particles or foreign matter on them that would 
cause fhe v^ilves to leak. Also clieck to see that the sealing surfaces are not scarred or 
marred as this will also cause Ic^aking. If the valves are defective in any way, it is ad- 
visable* to replace* the entire assembly. Usually, if valve operation is faulty, the valve 
seats as well as th(* valves are damaged. Broken valves will usually cause scratches in 
the valve plate seat. If a broken valve is discovered, every piece must be accounted for. 
If any piece is left in the compressor, damage to the piston, piston rings, cylinders, or 
l)e arings may result. New valves should not be used in oln or damaged seats unless seats 
, ai'c put in perfei:!- condition. This is done by lapping which should not.be used unless you 
have thf* propf r tools and are qualified to do the job. A macrhinist or an experienced 
automotive mechanic will usually do the job for you. However, in case of emergency you 
may do it if you have the proper tools and lapping compound of the rig)it grit (lapping 
compound found in your expendable supplies toolkit). After lapping, the parts should 
l)e washed in an approve*d ch*aning solvent and dried. They then should be coated with - 
oil to pr-otect the*m against fingerprints and moisture until the> are to be put back into the 
compressor. Once you have the* valve plat(v reassembjed and put back into the compressor, 
all Healing surfaces cleaned, anu new gaskets installed, put the head back on. All head 
l)()lts should bv turned clown snugly, but n')t tightly. Then tighten all head bolts to the 
proper torqu<*, starting with the center bolt and working outward. Clean the seating 
surfaces for servii c* valves and install new gaskets. Then bolt both service valves in 
place. 

(4) Servicing the crankshaft seal. As a rule, you will encounter only a couple of troubles 
with the crankshaft seals: a~que*aky noise caused by a dry seal, and a leaky seal caused 
l)y a scored seal surface^ A noisy seal left uncorre(?ted will soon become leaky. Air 
that enters a systi>m because of a leaky seal is indicated by high condensing preF-^.ures* 
Testing with a halide torch for shaft seal leaks can often be misleading because the nor- 
niallv small amount of oil that leaks through the seal will have traces of refrigerant in it 
and the halidc* torch will pick them up. The best method for testing for shaft seal leaks 
is to use a soap solution. To use this method, you first must raise the low -side prc^ssure, 
ilien apply thc-^soap solution as you would whcm testing for refrige»rant leaks. These seals 
should lv> capable of holfiing the highest va. um possible (approximately 30 inches of 
mrr-cury) for many hours. Jf a shaft se'al is found to be defective it should be replaced. 
'Vhv tolerances and surface finish of ♦hese seals are very critical. To remove the seal, 
the coniprt^ssor is pumpt.'d down and ihn low-side pressure l)alanced. The drive belts are 
removed and then the flywheel is r'»moved. If the seal cover does not extend below tlie oil 
level in the crankcast*, you can remove the seal without draining the oil; if it does, you 
must drain the crankcasc. The seal parts are taken outmext (you must mark r/ml parts 
su that they can bo con'cctly replaced). Krequently, seal |)ar'ts are attached to a flange 
that must Ik* carefully pried out. 

Non*: If you have a bad leal .md suspect the seal is broken, do not pump down the compressor 
because air and nu)isu]re will be drawn into the system. In this case, close the 
service* valves, relieve the internal pressure, drain the oil, and leave the drain open, 
•j'hcn firoce.'d as l)efore. All parts are cleanini and the sealing sui'faces lapped to each 
(ithcr-. Son.c seals use a trolded synthetic rul)ber gasket instead of metal-to-nietal 
i-rmtact. When a new seal is installed, all parts are coated with clean oil and special- 
care li:; exiM'ci-scd in alining and replacing tlic unit. If the st-al is to function efficiently, 
a cr-itical spring tension n ust be n-aintained on the sealing surfaces. Always cons,, a 
your I'M's and manufactu^H'r's instructions before you start to repair a compressior. 



(5) Se rvicing other comprrssur components . Pistons, pins, rods, bearings, crankshafts, 
cylinrierH, hloc^k, etc, in compressors will seldom beconne damaged or give you trouble 
unlewH they ar-e al)used« A refrigerating compressor is seldom subject to a wide vari- 
ation of loads and prcjssurcs. It is used to pump ^loan, cool refrigerant gas at a con- 
stant head pressure, Therefore, the component parts of a refrigerating compressor 
will usually give long and trouble-free service. Any work that must be done on component 
parts (other than valves and shaft seals) is done by methods similar to those nsed in work- 
ing on an automotive engine. If you have to v;ork on a compressor, remember to keep all 
parts perfectly clean and free from moisture. Also, carefully mark all parts so that they 
can be prope^rly reassembled. After repairs are complete, the compressor should be 
testf>d, Air must be purged from the compressor an(! oil replaced in the crankcasf. Kun 
tin* «juinpi essui fur about an hour to make sure that pistunc and bearing.-: are fn»e. You 
ca test the compressor for ^eaks by csing a couple of spare service valves. Admit com- 
) . essed air (about 40 psi) through the valve ports with the valves closed. Air admitted 
through the discharge valve will 1. ak past defective discharge valves. Air admitted throvqh 
the suction valve will leak through a ba(i shaft seal, A soap solution should be used when 
you perform these tests, 

(j. He rmetic compressor tes t am ! replacement. Allhough a hermetic compressor is relatively 
trouble^reT, there will be ( ■)t. when testing and possible replacement will be ecessary. 

IMstons will hang up or becv^uic .rozen, valves will crack or break, and internal motor circuits 
will devc»lf>p sho' \ or opens. Because these internal problems will necessitate the replacement 
of the unit, it i . i- perative that yoc are sure that the problems are internal and are not caused by 
external failur 'S such as prol»lems with the control circuits, r?witches, and external wiring. 

(1) Conipr s sor-motor test. A rather simple test hookup that can be put together in your 
shop amTused to check a compressor motor (..apsicitor start/induction run or capacitor 
start/capacitor run) is shown in figure 3-21, It consists of a starting capacitc a run- 
ning capacitor and a simple switch. To use this lest hookup, you must first rc. love all 
wires from the compressor terminals. (Be sure thct you tag each wire to insun^' that they 
can be correctly reconnected,) Then connect the hookup to the starting, running, and com- 

' mon terminals as shown in the figure. Now pi . the test circuit into the power supply and 
immediately close the switch for i to 2 seconds (holding the switch closed for a long period 
(jf time may result in the starting winding being burned out) then ope:i the switch. The com- 
pressrr motor should continue to run if it is not de^'ective. If the compressor motor does not 
run th*»n the compressor unit must be replaced. 
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^yn^Pt o'TiH of defective valvefl ^ If tlio comnrossor valves of a hermetic compressor are 
l)rok<*n or '-F'arkffl, little or no cooling will occur in the evaporator and little or no heat- 
ing of tlu' confirnscr, Oncf the unit is starte»d the wattage will drop to an abnormally low 
reading. The pump will nvod no balance* time after it is stopped. Little or no capillary 
feed noise will be heard. 

(li) Symptoms of an overchar;;e of oil . Noticeable signs of an oil overcharge are: excessive 
compressor noi^e and vibration, low capacity, and continuous nigh wattage. To remedy 
this tiituation, the compressor will have to be changed. 

(4) Heplacin^y hermt^tic compri'ssor , Def(*ftive hermetic units should bv replaced with n(»vv 
ui factory rt^built ont-s. VVlu-ii replacing hermetic units, it should be remembered that 
electric wiring, thermostatic s\^itches, relays, and motor starter arc* not considered 
parts of the sealed unit and therefore must be removed from the old unit and remounted 
on the n(»w one, Because a sealed compressor operates at higher speeds than an open type, 
tht» valves, pistons, and valve orifices are much smaller than in an open type. Consequently 
gr(»at care must be exorcised when installing a sealed unit to insure that any foreign matter 
is^kept from ent(»ring the seabed u^it when it is open d\iring installation. The following 
procf-dure is useci tc remove and replace a sealed unit. 

(a) Using a pair of side-cutting pliers, cut the discharge line in two, alio ving the uiiit 

charge to (»scape into the air, A cloth should be placed over this cut section to prevent 
the possibility of oil being blown around. 

N ote; If the escaping refrigerant h.as a burned odor, it indicates a shorted stator 
^fd the condenstir and evaporator should also be replaced. 

(h) While the gai: is escaping, i-emove the comprtjssor terminal cover and the relay bracket 
mounting screw o, 

(c) R(»move the* eh^ctrical leads from the compressor terminals (if npt previously removed 
(hiring diapncsis). Lift away this electrical assembly. Tag the electrical leads for 
reference* w" T»n reconnecting them. 

(d) Remove the compresscjr holddown bolts, 

(c) Cu\ the suction line near the compressor with your side-cuttiiig pliers. Again, place a 
rag over the cut to catch any oil that may escape, 

(r) Lift the old unit off the base. Fintrh the discharge and suction tube* several times with 
y{>ur s ide-c utters and then bend the tube ends over. This will prevent any cU loss and 
keep foreign ma*.ter out of the compressor, 

!k) C'hei k Ihi- Mhinjr on tlic new c*om|)r(»ssor and on ihv unit to d(?terminc whc^t^ it siionld he 
cut. Th'*- wi:!j a tubing c-.u.ter, cut all tube c»nds. Lc»ave about two inches of straight 
tubing so LiKU fittin;^^ can be installi?d, 

(h) Tr-unsfer the rubber mount grommt^ts or vibr-ation isolatc^rs from the old compressor 
t{) the ne'.v om» and lift the new c(jmnressor into plact* on the* unit's base. 

Nutt ; If »'">>her gr^^Z^^^^^^'^-*^ vibration isolator-s ar-e defective in any way they must 
\)v rc'placed. 

(i) Assemble the pro|)t^r fittings on the tube cmils. 

(j) Install a tc»e assc»mbly in the suction line. Insure that th(» lc»g of ihv tee is {iointing in 
sucfi a djr*€'ction that a flare nut can he connected hiter for recharging. 

(k) Inst 'ill a tee assembly hj the discharge line. Insure that the c:ap S(*al and bonnet are light 

(1) Reassemble tlu* electrical connections and the compressor mounting wash(»rs and nuts, 

(m) After insuring that all connections are |)r()perly made and are tight, ch(»ck the unit for 
leaks. 



(-tnid i^nHer repair and se^vi^M^ In an air-vondititMiing systc^nn, the job of a c!onrU»nspr* \s to 
ri'niovr thi* hrat that iK al)S()rbr(l by the re^frigc^rant. The n^frigerant abKorbs h(>at from the (>vap- 
or-ator* ami abs(»i-b.s innfr heat tliat is ctaused by frii'tion in the suction line* and the ttompressor-. The 
(M)rult»ns(»r must bi- able to effieiently and conl ually remove all this heat. In order for the condenser 
to perfru*m properly, it must be k(»pi c^lean both 'Mside and out, and repairs made when nec«essar\y. 
Ther*e are two g(»neral types of condensers: air-cooled and water-dooled. 

(1) Cleaning and repairing uir-eooled eond(M)sers. Uirt and dust thither -in or passing through 
an air-eooled condenser will stick to the outside surfaces. The accumulation of this dirt 
aiui dust cuts down the cond(»nser's efficiency by reducing the rate of heat transfer*. This, 
in turn, allows temper-atures within th(» condenser to become too high, causing the oil to 
earboni'zc. This carl)oni/,ed oil bLicks to tiie inlernul surfact* of the condenser an(i clauses 
a further rt»ductiori in e-fficiency. If a concUuiser is v(»ry dirty on the outside, it will be al- 
most as bad on the inside. To return a cond(»nser to its proper. efficie^ncry, it must be clean- 
ed both insi(te and out. Uirty outside surfaces may be cleaned with ordinary brushes and 
mild soap solutions. Howe»ver, in sucrh places as bak(»ry shops and meat p^?^cc»ssinp 
rooms, particles of grease^ augar, and flour along with dirt and dust will build up on the 
condens(»r. An alkaline solution will have to be used to ciissolve and remnv(» theS(» deposits. 
(A good rc^mover may hv made by mixing 1 /2 lb of trisodium phosphate* in-1 gallon of watt^r.) 
If l^lie f-ondc-nser has c:arbon <ieposits on the inside, you {jhould r(»place the condens(»r and 
possibly the metering d€»vic(». 

(a) Leaks. When a condenser deve»lops a l(»ak it is usually better to replace it rather than 
to repair it. Soldering a leak in a condenser will usually cause another leak because 
of the f^xpanding and eontrai'ting of the metals due to ht»ating and cooling. However, if 
you do (iecide to attempt repair, you mi^st remove the condenser fr-^*^. the syst(»m. You 
will have to pump down the unit and drain the Vefrigerant. 

(b) Brackets, holders, hangers, and frames. These items should be permanently soldered, 
friction-fitt(^d, or bolted in place. Loose frames or brackets could r'ub hoh»s in a c-on- 
denser.' If the condenser is allowed to vibrate, the vibration could cause discharge* lines 
to break. Always check these items and insure that they are properly and securely in 
place. 

(c) Olschargc* linens , discharge lines murt be large* enough to carry the hf»at-laden gases 
from the head of the compre»ssor to the condenser. They must be arranged so that any 
liquid that might condense in tht»m cannot flow back into the compressor head. To do 
this, forni the tubing into a U-shape* right after it heaves the compressor with tht> bottom 
of the I! exte^nding bf»low the level of the (iompressor h(»ad. Because* the hottest gas in a 
refrig(»ratioi; system is carried in the discha.-ge line, these lines are subject to greater 
carbonization than the conde^nser- Also the gas is at its highest velocity in the* flis(.!jarge 
line. This high velocity tends to wear out the tub^'ng. It is good practice* to replace the* 
dischargi* line whene^ver you overhaul ihv condenser. 

(d) Condenser "to -rectMver line. This line <*arries liquid re^frigerant unde?r high pre\ssure 
from th(» condens. r to the* receiver. Since tbi;i line* carries the* same amount of liouid 
as the liquid line*, it should be the same* size. Only in extre'me .case\s will the* ^ec c* vvr 
line* ben-ome* coatfMl with carhoi, '^ofx)sits. This line* still should be* cleani*d n- 
vvvr you cle*an the^ condenser. If you ha ✓e any doubt as to its- capacity or strui Uiral 
strength, you can replace it easily when the condenstir is being overhauh*(i. 

(2) Servicr i ng and re*pai ring wate*r-c:)oled co ndense*rs. Wate*r-(:ooU*d cond(*nse*rs consist of 
the shell-tul)e*, the double-pipe, and the "spiral type*s. These* conde*nsers can be made of 
iron pipe*, ste*e*l pipe, or copp« r tubmg. There- are* two methods of cle^:.iing she*ll-^nd- 
tub<»-typf» and double* •pipe^-type^ con<iensers. The be*st way is with special brushe*s and 
r-ods (similar to one*s you use* for cTeaning your rifle, only large**-) provided by the* manu- 
facturer. These brushe*s are graduate^d in size. You should start with the* smaller size-s 
and work up until you re^ach the* si/.e- of the* inside* diameMer of the* pipe or tube that you are* 
iTe*aning. You should not use exce*ssiv(* force* to push the* brush throiigh the* nif)e o. tube*. 
The* easiest way is to put the* orush and rod into a large*, low spr*(Mi drill rmd le*t it go 
slowly through the pipe* or' tul)in^'. If you force* the- brushe-s you n^ay scar or st*riously 
eakf^n the walls nf Liu- pif)e' or lui>e*. The* otheT rn(*tt*.o(i of ch*aning is with a strong 
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. iiustic soda or a mild muriatic solution. However, when you use this method, you must 
rut.'teStH of the H.dutio.i lo he used on another tube of the same material to insure th«t 
the Kolufiot. Is not too .strong. If the solution is too strong, it will attack ami weak<^n iM.. 
material used in the construction of the condenser. Just about the only way to clean t u- 
spiral-type condensers is with caustic soda or muriatic acid solutions. If the tubes of 
these condensers become weak or develop leaks, it is best to replace them or. in the case 
„f a <loubl..-pipe type, the entire condenser. Sometimes it is possible to blow out condenser 
tubes that have scale deposit built up around connections and fittings. Compressed air 
or :.arbon dioxide of less than 1 00 psi can be use^ to do this. Probably the biggest problem 
you will have with water-cooled condensers is with the water system controls. I he most 
eomnu.n trouble is incorre.-t water flow. This can be caused by faulty water valves, 
cl<)gE«'<i screens. impr<;per adjustment, broken components, leakage, or stoppages II 
you have probl.-ms with the water valve you can (>ither replace it. fix it. or adjust it. 
Water system controls can usually be removed from the system without pumping down the 
system. Howc-ver. to clean or replace condensers and condenser tubes, the condenser will 
have to l)e pumped down and opened. 

r. Kvapor ator servicing =ind repair. The evaporator itself very seldom causes trouble 
iTohleTT;^ wilh the evaporat oTT^^rt^Uy be corrected by adjusting, repairing, or replacing system 

; aiu. . ontro'ls that directly affect the refrigerant's action in the ^^P^^ ^ ^^^^^^^^ 

keep the evaporator free from excessive frost buildup. Those com{)onents and controls Jhe 
n eterinr I-ii- o. <i.'frost controls, and fans or blowers (if it is a fenced convection-type -vapo^rator).. 
Problems wi,h the evaporator itself are usually caused by leaks due to corrosion or a Puncture 
H-c ause of abuse. If an evaporator becomes corroded, it is best to replace it. If a leak develops 
h -o gh a us it can be soldered in all cases except when the evaporator is nriade of aluminum, 
a vapora o • is made of aluminum it can be repaired by using epoxy cement (follow directions for 
h i v" ri rlnci used). If problems with evaporators do not result from leaks or corrosion and do 

,• inoperative system components and controls, then it is stopped up from oil car- 
bonizatitjn and should be replacetl. 

„ Service a nd adjustment of automatic controls. Exact procedures in adjusting the various 
auto^w mJ Controls uL in differ ent systems will va -^h each switch design^ ^ kr^arconsult 
here is eive you some general rules for adjusting and servicing typical controls (Always consult 
TM^TcH-Ue particular .ystem before attempting service or adjustment.) Cycling or motor 
I M s tot tH( P"^"'^ ,h, c-omnressor when temperature and low-side pressure rise to a pre- 

tr:d lc- ITs ; t.r'ompr:;:or :hen ^m.^rature and pressure fall to another level that 
. i'L Tr^na. setting It ^ a general rule that operating pressures or temperatures 

V"~ty'^r:Z.^^^^^ of a control unit and raised by increasing the spring 

!::. some cycUng comrol devices are provided with a differential adjustment that .s used to 
set the difference between thv cut-in and cutout points. 

( ,) Tvnical pressure-tvne control a.liuBtme nt . ' The range and differential of a low-side 
j7r-<.HSure i-ontrol may be adjusted as follows: 

(a) Attach a compound gage to the suction service valve. 

(h, Se. .he range adjustment fo." the lowest pressu.-e - differential udj-.^tment for the 
larRt'Si (liffcreru'r. 

(..) start the con pressor and operate it until the compot.nd gage shows^ the desired pressure 
or vacuum for cut-in or star. ng the compressor in normal operation. 

(d) Change ih.> range adjustment until the control cuts out the -ompressor. 

(..) Move the range adjustment slowly in the opposite direction until the control cuts in the 
et.mpressor. This sets t.h.. cut-in point. 

(f) Let the compressor run until the gage shows the pressure at which cutout is desired. 

(«) A.ln.s. the differential . lowly until the control cuts out. This sets the cutout point. 

^U) LH U... svstem cpe.-ate rtormally through a. lea.t one .o.nplete cycle, and on the next 
.•v. le .u.te the rage readings at which cutout and cut-in occur. It iS possd;le that slight 
adjustments will have to be made-. 
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(2) Tomperature co ntrol adjus tment . The procedure used to adjust a temperature or 
tliorrnoHtatlc type of cynliiiK control is very similar to that used to adjust a pressure 
control. llowc'V(»r, instead of usinj.; a compound nnfifj, you would use a thermometer at 
the place where the? tomperature control .sensing bulb is located, IU»member that a 
tomperature control should always start the compressor when the sensing bulb is warmed 
by hand. If it doesn't, the bulb and bellows liave lost their charge, liefore attempting 
any repairs or adjustments of a temperature-type cycling control, make sure that the 
sensing bulb is properly mounted, Normally, with this type of control, the range is 
adjusted before the differential is clianged. Only In unusual cases will the differential 
have to be changed on domestic units; liowover, on larger commercial units, the differ- 
ential 'win sometimes liave to be changed to accommodate different types of service. 

;;houlr! al:'.o rcri\rn:hcr t!iat \v)ion ^uu auju»l iiii^i type of control, range adjustment 
will afffjct the differential and vi.^e versa. Once you have completed adjustments, and 
have observed temperatures and pressures and found them to be right, check that all 
locking nuts or screws are tight. 

(.'0 ( -ontrol switche s. Since the <»xact methods, prt»ssures, and temperatures used in setting 
automatic c^-^ntrol (levities differ depcmding on the characteristics and type of HT'^rvice of an 
iiulividual cm, only some general examples can be given h<»re. Consult TM*s and 
manuracturer 's dirt'ctions for detailed operation and repair of individual sysi m controls. 

(a) HijLyh«>prcssure cutout swit^- . This type ef switch is usually installed as a safety 
(h'vice, The cutout is determm ui by the manufacturer and is stated in the opc renting 

inst fuct lt)nri. These switches will cut out at a certain pressure (when the nni^mal. operating 
pressure* is r-xceeded); wl^en the pressure drops, they (*ut in aatomatically. )ut are 
equippt^j with a reset button t' .1 must be pushed manually. Sometimes this type of switch 
is mounted in the same housiii^ as the suction-pressure control switch. 

(b) Stu-t itjn-pressu re control switches . These switches stop anrl start the compressor 
acrcording to the demand for refrigerant in the evaporator c:oil. The suciion-pressure 
t .')ntrf)l should be set at a suction pressure that corresponds to a temperature that is 

a few degrtres lower than tiie temperature to be maintained in the evaporator. 

f'!xample: If the evaporator was to maintain a temperature of 34" F and the refrigerant 
is f''-l2, the suction-pressure control should be set betwc^cr. 31. 7 and 26.8 psig. (Th<- 
pressure is ff)und by consulting your refrigerant charts.) 

(c) TluM Tnostat ic- sw itc:h(*s . Thermostatic switt:hes control solenoid valves that feed the 
lifiuid refrigerant yn the evaporator. Thefie (controls open the soleroids at a predetermined 
tt»mf)erati:re antl c*lose them at a lower prefleter mined temperature. It is a good practice 
to set tht* (*ut-in po;nt 2 I'ahrenheit degrees liiglier than what is requT'^d. 

SrMMAHY 

In this chapter you hav(» leariu^f] tlie proper procedures for installing an air-conditioning 
svstrni. You U»arnefl that before (Joing anything you must first visually inspec't the unit for any 
afjf)ai'ent damage or malfunction. Then you must insure that the unit is properly leveled, that the 
unit has snffici(»nt air circulation to enable it to function at its proper capaci y, that all electrical 
.•ormetM ions prf)perly made, and that the ret'rigeranl is released before tie unit ir ever start- 
rd. Thru, onct* the unit is installed and operating, you nave seen what shou-d br. done in the way 
of f)i-(»vent i ve ma inlenam^c* to keep the unit (/^erating efficir^itly. Filters an.' condenser fins must 
t)e kept clean, perif)fhr lubrication must be accomplibi.ed on schedule, and the evaporator must 
be kepi frer of dirt and any excessiv** frost buildup. 

V\ e h.iVe also covc»red he various mt»thods of testing an air-contiit ioning system. When 
testmu for leaks it is possible to use one of se/eral methods or a ('ombin'ation of methods. In 
I'rvievv, the r7iethf)ds are: pressure and vacuum test, soap or oil bubble test, and the halide 
!' * \\, You mu t remember that the pressure and vacuum tests are nonpositive tests and will . 
uv.icate a leak but not wher" th(» lea\ is; wh(»reas the halide torch, soap, and oil bubble test will 
positively idrntify the exact lo(*ation of i leak. We also covereti the> various electrical instruments 
iisrci to irst luiiis and Mie p"'.;per methods of curruHrtin? the instruments to the circuits anil what 
u oiild Ijc mdii-ated by reacii igs obtaine(i fnim these iusI.'^Mm'mts. 




Alsf) covrrod in thif^ crhaptor v^rrv iUr installation and iist* of ihv bar pagf* manifold. Wr 
hiivr shfuvri Imw Wu^y art- usrd wh(»n jHTforming t(»8t.H, t'vacuatii>n, ijunip-down, chargin^s and 
riMTiovin^ or addin^f rrf r ij.;<*r-ati(Hi oils. 

We also covered the methods of makin^^ a Joint and stressed thj^ importaner of makin^^ it 
proi)erly. An improperly made joint in an air--.conflitior.mg systt»m will seriouHly affect the proper 
operation of that system. 

'rroul)h?shootinu wa.-^ rovert^d to enal)le you to fjroporly identify problems that commonly 
o<-cnr in rnt)St air-conditionlna systoriis, and to identify the proper remedies for the.>o prt^bloms* 
'rrnnh1f^>in(itin<f i ^- most importnnl, for without propf»r (iinpnosis it is unlikely that the f)?'OfK*r 
I'foairs can be made. 

Hepair and replat^ement of the major components of an air-c^omUtioning system were also 
erwt^riMl. We have discussed the proper methods of r(>pairing or replacing all the components 
of a syst<^m, from the i-ompressor, condens(»r, and evaporator right through the service, atljust- 
inent, oi rt»placernt-nt of any of a system's automatic, contr'ols. 

II is important to rt^member that whene /er yuu, as a mechanic*, are working or. ;my system 
.M- unit, you should consult the propter TM or manufacturc^r's rc^pair* manual for that particular 
unit or- system. Also wlien servicing a unit or system, take into consideralion th(» job that must 
he accomplishi 'l by that system or unit. Insure* that it is capable of the designated job before 
attempting ref).u r'S that may not help the unit or systt»m to accomplish that job. 
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COMMEHCIAL. AND TACTICAL AIH-CONM nTIONINC UNITS 



Section I. COMMERCIAL UNITS 



4^.1. WINDOW OH TliHOUGH-THl::-WALL UNITS 

a. DeHcriptio n> Those units mount in a window and are relatively easy to install. They 
will fit into cither double-hung or casement windows or they can be Installed in a hole cut in 
the wall of the building. They usually operate with two separate airflows and the refrif;erant 

is controlled by either a capillary tube or a bypass-type*, automatic-expansion valve. The con- 
trol .switches are usually an integral part of the unit and are mounted on either the top, face, 
or sided of the unit. Window units are air-cooled and operate on 120-v or 220-v single-phase 
circuits. They will vary in capacity from 4,000 to 40,000 Btu's per hour, 

b. Installation , When a unit^is installed in a window, metal plates, gaskets, sealing com- 
pound, weather stripping, brackets, and braces will be necessary for proper Installation, The 
firrtt stf'p'lM to remove the unit from its housing or cabinet. It will slide out easily, Be careful 
whnn handling the unit and do not lift or carry it by any of its components other than the base. 
Do not use tubln^^ or colls as a handhold. Next, place the housing in the window opening and 
secure it In place. Be sure that all braces and brackets are securely fastened. Next, the filler 
board or met.'il plates must be put in position, Mak*' sure the filler boards do not extend above 
the top of the cabinet, but are level with it so that the window will close flush on the cabinet 

and filler boards. Check and make sure that the cabinet t**:s approximately 1/4" to the rear 
so that the unit will drain properly. Make any adjustments before the unit is placed in the cab- 
inet. Once the cabinet is securely in place, close the window flush with the top of the cabinet 
and make any further necessary adjustment. Slide the unit into the cabinet and install control 
knobs and front cover. The unit should slide into the cabinet freely. If it doesn't, do not fore ^ 
it, because the cabinet has not been installed properly and it is not placed squarely in the win- 
dow. Use a level lo square up the cabinet installation. Once the entire unit is in the window, 
check for any air gaps around the installation. They must be sealed with caulking or sealing 
compound. If the unit Is installed in a double-hung window, there will be an air gap between 
the tipper and lower sash. This space should be filled with a sponge-rubLer strip. When in- 
alalllng a unit in a casement window, you vse basically the same procedure. However, the 
glass will have to be removed from the window and the braces and fillers will have to be in- 
stalled a little differently. Window units should be hooked up electrically on a separate circuit, 
if possible. Once the unit Is In the window and plugged in. It Is ready for operation. Figure 
4-1 shows a u*nU Installed In a double-hung window; figure 4-2 sb . ,vs a unit installed in a case- 
ment wln(k)w. Each manufacturer Includes Instructions for Inst' Uing his particular units. 
Follow those Instructions carefully as each manufacturer has different procedures for Instal- 
lation, although the basic principles ave the same. 
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Fig 4-1. Unit installed in do'tible-hung window. 




Kig 4-2. A'r conditioner installed ir a casement window. 



c. Operation. A window unit contains the basif refrigeration components, .such as conden- 
ser * evaporator, compressor, refrigerant metering device, liquid recelvrer, and fan. The 
condenser is air-cooled, and che air is forced over it by a fan. The air is circulated wifhi.i 
the room by another fan that blows the air over the evaporator coils and into 'he room. Moib • 
ture that will condense on the evaporator coils from the humid air that is circulated over the 
evaporator (foils; jvlll be collected a' the base of tho un.. and drain toward the Dack. Tne con- 
denser faTvill pick up r.ome of this moisture ana use it in lighc spray or mis;t to help cool tht 
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condenser coUh. The remaining moisture will drain oat the rear of the unit. Window units use two 
separate airflows, 'V\ui air to cool the condenser Is pulled In through the sides of the unit and 
Irt blown over ihe condenser to dissipate the heat. Room r Is pulled In over the evaporator 
colls, cooled, and blown back Into the room. Figure 4-3 is a schematic of these two separate 
airflows, 



EVAPORATOR FAN MOTOR 



VfNiHATiON A\H 




VENtlLATlNG DAMPER 



ROOM AIR 



Fig 4-3. Schematic of condenser and conditioned airfow. 

d. Maintenance , Refrigerating components of a window unit are serviced and maintained 
as previously discussed in chapter 3, Filters should be checked on a monthly basis and should 
be cleaned or replaced, depending on the type of filter, as necessary. Evaporator coil, con- 
denser coil, fan blades and motors, and the cabinet should be cleaned and serviced just prior 
to putting a unit into service for the season and just after removing it for the winter months. 
All motor bearings should be lubricated at these times unless they are the permanently sealed 
type. Electrical wiring should be checked over and repaired if necessary prior to placing a 
unit into operation. Any troubles with the wiring system can be checked out as discussed in 
chapter 3. Fan motors are usually 2- or 3-speed and wiring diagrams should be consulted 
whenever you are checking the circuits. Whenever you are servicing a window unit, have the 
manufacturer's operating and servicing Instructions handy, 

4r2. CONSOLE UNITS 

a. Description , A console-type air-condltloning unit is a complete system mounted In a 
single cabinet. These systems are usually' water-cooled and vary in size from 2 to 10 hp. Con- 
sole units can be found In small clubs, PX*s, messl. ^lls, restaurants, etc. If a console unit Is 
air-cooled, it will need ducts to the outside, both for bringing in air for condenser cooling and 
discharging the heat-laden air back outside again. Console units are usually constructed with 
the condensing unit In the lower section, the blower In Ihe middle section, and the evaporator 

In the top section. Air enters a console through the lower grille ; id cool Is discharged 
through the upper grilles. Ducts can De attached to sections of the air di«. jnarge grilles to dis- 
tribute air to arcac that are partitioned off from the rest of the air-conditioned space. Console 
units are equipped with filters at the air intake. Some of these units also contain filters at the 
air dis charge, 

b. Installation , Because console units are assembled at the factory, installation is limited 
to physically moving the unit into place and making any necessary external connections, such 
as plumbing, electrical, and duct work. Once the unit is in place it should be leveled. Any 
necessary duct work should be Installed according to the volume of air needed and the manu- 
facturer's Instructions, All refrigerant components rnd controls should be checked prior to 
putting the unit into operation, A console unit must be hooked up on a circuit of its own and 
should have a quick-disconnect switch mounted close by. 

c. Maintenance . Filters in a console unit must be checked monthly and cleaned or replaced 
T'jqulred, The evaporator coil, fins, and the fan motor should be cleaned periodically. If 

the fan motor is not constructed with permanently sealed bearings, it should be lubricated in 
accordance with manufacturer's Instructions. If the uuit is water-cooled, the drain pan and 
drain tube should be cleaned at least every 2 months. Sometimes lint and dust will build up on 
the Int.er lining of a console unit. The lint should be removed either with a vacuum cleaner or 
by brushing It away. Maintenance of the refrigerant components and the water system Is ac- 
complished in accordance with the methods outlined in chapter 3. 
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4-3. REMOTE UNlia 



Homoto ulr-condltlonlng units have the refrigerating equipment located away from the 
space that Is to be air conditioned. These units range In capacity from 2 tons to thousands of 
tons. Some of these units condition the air then distribute It to the conditioned spaces through 
a duct system. Other systems use chilled water to condition the spaces. In chilled water sys- 
tems the water Is chilled and then circulated to wall or baseboard coolers within the areas to 
be cooled. Most remote units are complete comfort units and provide cooling in the summer 
and heating in the winter. The chilled water systems usually use an absorption system to pro- 
vide refrigeration, whereas most of the chilled air systems use a mechanical refrigeration 
system. The newer chilled water systems use water as the refrigerant and lithium bromide 
(salt solution) as the absorber. The older units use the ammonia and water systems. Systems 
iiQiniT water and lithium bromide are large industrial units running Into hundreds of tons' capac- 
ity and presenting special installation and maintenance problems. These systems are built to 
fit a particular set of cooling circumstances and will often completely baffle experienced per- 
sonnel when it comes to servicing or repairing one of them unless they are familiar with the 
particular installation. Because of this and the fact that ycu, as a refrigeration mechanic In 
the Corps, will probably never be called upon to service or repair a remote unit of this type, 
the installation and maintenance will not be covered. 

4-4, TROUBLESHOOTING 

Troubleshooting commercial units Is accomplished in the same manner as discussed In 
chapter 3, The charts in chapter 3 cover most problems that you might encounter with any 
commercial type air conditioner that you may encounter In the Corps, Always remember to 
consult the manufa'^turer's instructions when troubleshooting. If they are not available, check 
with someone who has worked on that particular unit. Remember that each unit Is used for a 
specific purpose and a specific set of cooling circumstances. 

Section II. TACTICAL UNITS. MARINE CORPS MILITARY STANDARD AIR CONDITIONERS 



4-5. GENERAL DESCRIl^TION 

The Marine Corps military standard air conditioners consist of self-contained vertical 
and horizontal units. They are normally rated from 7. 000 to 54, 000 Btu, Various models are 
designed to operate on 11 5-. 208-. or 230-volt. 60-Hertz or lOO-Hert? power sources. When 
Installed within an area to be conditioned, one of these units will provide for cooling or heating 
the air to maintain temperatures within a desired, predetermined range for both equipment and 
pprsonnel. These units arc- factory tested and shipped completely assembled and char(;ed with 
refrigerant, They are manufactured by either Trant; Co,, American Air Filter Co., or Keco 
Co, and are used as a principal means to control the environment of an area, Each of these 
units contains three systems: a refrigeration system, an rir-handling system, and an elec- 
trical system. We will discuss the vertical units first. Horizontal type units will be discussed 
starting in paragraph 4-10, " • 

a. Hefrig/ ration system . The refrigeration system includes a hermetically sealed motor 
compressor, condenser, evaporator, thermal expansion valves, solenoid valve, filter-drier, 
char^Ting valves, regulating valve, pressui^e rellel valve, and a high-pressure cutout controL 
KiK 4-4 shows the refrigeration schematic for the A/E 32C-17 air conditioner. This refrig- 
eration schematic is the same in each Trane military air conditioner. 
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Fig 4-4. Refrigeration schematic A/E 32C-17. 

b. Atr-handling system . The air-handling system includes a return-air register; supply- 
air register: evaporator fan; condenser fan; evaporator and condenser r^n motors; mist elim- 
inator; fresh air duct; nuclear, biological. chemical(NBC) duct; and a fresh air damper. 

c. Elec trical system . The electrical system consists of main powerline voltage to the 
fan motors, compressor, and strip heaters throuMu relays or contactors. Control voltage is 
routed through a 187-vd. c. rectifier to fuses, solenoids, outside thermostat, conditioned space 
thermostat, circuit breakers, and heater thermostat. All Internal wiring is completed at the 
factory. Hefer to foluout figure 4-32 at end of chapter for wiring diagram of A /E 32C-17&18. 

d Model differences. The following figures and tables explain the design differences In 
the mo dels. The units m ay have been made by o- of three companies: Trane. Air Filter, or 
Keco The maior assemblies may have some minor differences but the description will remain 
the' same The performance characteristics and specifications will be the same no matter what 
companv makes the unit. Table 4-1 gives you the operation and ^^^^"^"1 ^^f^;^^^^^^ 
th,- unit; Tables 4-2. 4-3. 4-4. and 4-n describe the major assemblies ot the units figures 
4-^, 4-6 and 4-7 show the various units. The major difference in the units Is as follows: A/R- 
32C-117' A/E32C-24. A/E32C-26, A/E32C-29. and A/E32C-39 ' aerate on 60 Hz current and 
the A/E32C-18 A/E32C-25. and A/E32C-27 operate on 400 Hz current. Figure 4-8 shows a 
ino drawing of' the A/E32C-29 air-conditioning unit with Its dimensions. Figure 4-9 shows a 
ne drawing, with dimensions, of the A/E32C-39. The major difference ^^"h this model is hat 
l; was designed so that the components are protected in a ruggedized frame and cabinet to allow 
.shipping without crating. 
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Fig 4-6. A/E 32C-24 and A/K 32C-25 air-conditioning unit. 




i' iil 'i-V. A/i: :rJC -26 cuvl 'A2C-21 air-conditioning uaiu. 
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Fig 4-8. A/E 32C-29 air-conditioning unit. 
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Fig 4-9. A/E 32C-39 air-condj^tioning unit. 
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Table 4-1. Operational And Technical Characteristics 





Btu/Hr 


Electrical Characteristics 


Airflow 




Physical Data 




Cool^ 




V 


Hz 


pn 




Ducts 


cfm @ 
0"H2O 


Wt 
(lb) 


Dimensions^ 
W X D ' X H 


Cube^ 


A /E 3J».>17 


18. 000 


12, 300 


201: 


60 


3 


6. 0 


8" 


655 


260 


17-1/16 X 19-1/16 X 45-1/2 


8. 56 


A /E o.sC-1 o 


18,000 


12, 300 


208 


400 


3 


7. 1 


8'* 


670 


230 


17-1/16 X 19-1/16 X 45-1/2 


8. 56 


A/E 32C-24 


36, 000 


28, 600 


208 


60 




10. 3 


12" 


1290 


445 


30-1/16 X 18-1/16 X 55-3/32 


17.31 


A /b 32C-.^5 


36, 000 


28, 600 


208 


400 


3 


12. 4 


12" 


1375 


435 


30-1/16 X 18-1/16 X 55-3/32 


17. 31 


A /IT •?9r'«9R 


54, 000 


47, 100 


208 


60 


3 


16. 3 


*16" 


2010 


580 


34-1/16 X 20-1/16 X 65-1/8 


25.76 


A / b JTcC r 


54, 000 


47, 000 


208 


400 


3 


20. 0 


16" 


. 2100 


570 


34-1 /16 X 20-1/16 X 65-1/8 


25. 76 


A/E 32C>2n 


P. 000 


6, 100 


115 


60 


1 


3. 25 


8" 


315 


175 


17-1/16 X 17-1/16 X 32-3/32 


5.41 


A/E 32C-3n 


54, 000 


32, 500 


208 


60 


3 


10. 0 


Ifi" 


2200 


885 


48 X 71 X 32 


63.00 


MCfHAL6-208 


D.OOO 


7, 000 


208 


60 


3 


3. 0 


None 


370 


200 


23-7/8 X 26-1 /2 x 16-1 /8 


5.90 


M(M HnAL6-20a 


18.000 


14, 300 

1 1 


208 


60 


3 


6. 5 


None 


640^ 


265 


30 X 28 X 20 


9,72 



Notus ; 

1. Nominal capacities per verified test results 

2. Maximum capacities 

3. CKM (it 0. 25" H2O 

4. Width, depth, heifjht dimensions in inches 
•K ('ubic feet 
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Table 4-2, Major Assemblies, A/E 32C-17 And A/E 32C-18 



Item 


< 

Description 


Manufacturer 


No. 
Keq. 


Evaporator 
Condenser 


Direct motor dfive (fans mounted on oppo- 
site ends of double extended shaft); power 
input'208 volts, 60 Hertz or 400 Hertz, 
3 phase; built-in thermal overload and 
over^current protector, 1,42 hp for 60- 
Hertz motor, 1.62 hp for 400-Hertz motor. 


We I CO 

• 


1 


Compressor 


Hermetically sealed rotary type. 


Whirlpool 


1 


Condenser Fan 


Cast alumlnun. propeller type; counter- 
clockwise rotation, facing room air inlet. 


Trane 


1 


Evaporator Fan 


Centrifugal type with airfoil blade, (BI- 
single width), counterclockwise rotation, 
facing room air inlet. 


Trane 


1 


Condenser Coil 


Finned tube 


Trane 


1 


Liqui Line 
EkP'c ion Valve 


Pilot-operated expansion valve 


Alco 


1 


Evaporator Coil 


Finned tube 


Trane 


1 


Liquid Line 
Solenoid Valve 


Pilot-operated solenoid valve 


Asco 


1 


Liquid Bypass 
Solenoid Valve 


Direct-acting solenoid valve 


Abco 


1 


Hot Gas Bypass 
Solenoid Valve 


Direct-acting solenoid valve . 


Asco 


1 


System Access 
Valves 


Packless charging valves 


Hoke 


2 


Filter-Drier 


Desiccant Drier 


Sporian 


1 


Electric Heaters 


each, 

4-10 


inueeco 


6 
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Table 4-2. Major AsaembUesi A/E 32L-17 And a/E 32C-18— contd 



Item 


; Description Manufacturer 


No, 
Req, 


High-Limit 


Open ie40F (90°C), closed UQOF (eO^C) 


Klixon 


1 


Control Switch 


Manual, 5-p6sition, rotary selector switch 


Cutler-Hammer 


1 


Conditioned Air 
Theimostat 


Range, +40° to +900F . 


Penn Controls 


1 


Table 4- 


•3. Major Assemblies, A/E 32C-24 And A/E 32C-25 




Item 


Description Manufacturer 


No, 
Req, 


Evaporator Fan 
Motor 


Direct motor drive (fans mounted cn oppo- 
site ends of double extended shaft); power 
input-208 volts, 60 Hertz or 400 Hertz, 
3 phase; built-in thermal overload and over- 
current protector; 0,7 hp for 60-Hertz motor, 
O.G hp for 400-Hertz motor. 


Welco 


1 


Condenser Fan 
Motor 


Direct motoir drive; power input-208 volts, 
60 or 400 Hertz, 3 phase; built-in thermal 
overload and over-curront px'otector; 0,7 
hp for 60-Hertz motor, 2. 2 hp for 400-Hertz 
motor. 


Welco 


1 


Compressor 


Trane Military Model "J'', Hermetically 
sealed reciprocating type; 2 cylinders; 2" 
bore; 31/32'^ stroke; force-feed lubrication. 
208 volts, 60 Hertz or 400 Hertz, 3 phase. 


Trane 


1 


Condenser Fan 


Vane axial type. 


Trane 


1 


XLt vapo ra lo r r an 


Centrifugal (airfoil, single width) 


Trane 


2 


Condenser Coil 


Finned tube 


Trane 


1 


Liquid Line 
B^xpansion Valve 


Multi-outlet thermal expansion valve 


Alco 


1 


Evaporator Coll 


Finned tube 

4-11 


Trane 


1 
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Table 4-3, Major Assemblies, A/E 32C-24 And A/E 32C-25— contd 



Item 


Description 


Manufacturer 


No. 
Keq. 


Liquid Line 
Solenoid Valve 


Pilot-operated solenoid valve 

*> 


Asco ' 


1 


Liquid Bypass 
Solenoid Valve 


Pilot-operated solenoid valve 


Asco 


1 


Hot Gas Bypasa 
Solenoid Valve 


Pilot-operated solenoid valve 


Asco 


1 


System Access 
Valves 


Packless charging valves 


Hoke 


2 


Filter-Drier 


Desiccant Drier 


Sporlan 


1 


Table 


4-4. Major Assemblies, A/E 32C-26 And A/E 32C-27 




Item 


» 

Description 


Manufacturer 


No. 

'Req. 


Evaporator Fan 
Motor 


Direct motor drive (fans mounted on oppo- 
site ends of double extended shaft); power 
input-208 volts, 60 Hertz or 400 Hertz, 3 
phase; built-in thermal overload and over- 
current protector; 1,25 hp for 60-Hertz 
motor, 1.60 hp for 400-Hertz motor. 


Welco 


1 


Condenser Fan 
Motor 


Direct motor drive; power input-208 volts. 
60 and 400 Hertz, 3 phase; built-in thermal 
overload and over-current protector; 4,0 
hp for 60-Hertz motor, 5, 0 for 400-Hert2 
motor. 


Welco 


1 


Compressor 


Trane Military ^odel **J'', Hermetically Trane 
sealed, reciprocating type; 3 cylinders; 2'* 
bore: 31/32" stroke: forced-feed lub 'cation. 
208 volts, 60 Hertz or 400 Hertz, 3 pnase. 


1 


Uondenser Fan 


Vaiic ^aIciI lj/p6. 


Trane 


1 


Evaporator Fan 


Centrifugal (airfoil, single width) 


Trane 


2 


Condenser Coil 


Finned tube 

4-12 
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Trane 


1 



Table 4-4. Major Assemblies, A/E 32C-26 And A/E 32C-27"contd 



Item 


Description 


Manufacturer 


No. 
Req. 


Liquid Line 


Multi-outlet thermal expansion valve 


Alco 


1 


Evaporator Coil 


Finned tube 


Trane 


1 


Liquid Line 
Solenoid Valve 


I^ilot -ope rated solenoid valve 


Asco 


1 


Liquid Bypass 
Solenoid Valve 


Pilot-operated solenoid valve 


Asco 


1 


Hot Gas Bypass 

OOicnOlU V aiVt; 


Pilot-operated solenoid valve 


Asco 


1 


System Access 
Valves 


Packless charging valves 


Hoke 


2 


Filter-Drier 


Der.lc^ant Drier 


Sptrlan 


1 


, .•• 

Table 4-5» Major Assemblies A/E 32C-29. 


Item 


Desc iptlon 


Manufacturer 


No. 
Req. 


HlgVi-Llmit 
Thermostat 


Open 194° F(90° C), Closed 140*^ F (60° C) 


Klixon 


1 


Control Switch 


Manual, 5-position, rotary selection 
switch 


Cutter-Hammer 


1 


Conditioned Air 
Thermostat 


Range, +40° to 90° F 


Penn Controls 


1 


Evapo rutor 
Condenser Motor 


Direct motor drive (fans mounted on oppo- Welco 

site ends of double extended shaft); power 

input— 115 or 230 volts, 60 Hertz, single 

phase or 208 volts, 400 Hertz, 

3 phase; built-in thermal overload and 

over-current protector; 1,15 hp for 60-Hert2 

motor, 1.40 hp for 400-Hertz motor. 


1 


Compressor 


Hermetically sealea lotary type. 


Wiiirlpooi 


i 


Condenser Fan 


Vane axial type; counterclockwise rotation, 
facing room air inlet. Cast aluminum. 


Trane 


1 
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Table 4-5. Major Assemblies, A/E 32C-29- -contd 



Item 


Description 


Manufacturer 


No. 
Heq. 


Evaporator Fan 


Centrifugal, airfoil blades, single width, 
counterclockwise rotation, facing room 


Trane 


1 


Condenser Coll 


Finned tube 


Trane 


1 


Liquid Line 
Expansion Valve 


Multi-outlet thermostatic expansion valve. 


A)co 


1 


Liquid Bypass 
Expansion Valve 


1 


Trane 


1 


Liquid Line ana 
Liquid Bypass 


ri< **or»t -.a otino QoipnoiH valvp* A three—wav 
Rolenoid valve Is used for the liquid line 
solenoid valve and the liqi^d bypass sole- 
noid valve. 


Asco 


1 


Hot Gas Bypass 
Solenoid valve 


Direct-acting solenoid valve. 


As CO 


1 


System AccesH 
Valves 


Packless charging valves. 


Hoke 


2 


<• 

Filter-Drier 


Desiccant Drier 


Sporlan 


1 


Electric Heaters 


Stainless steel sheath; 115 volts, 300 
watts each. 


Indeoco 


6 



4-6. OPERATIONAL THEORY 

a General. All of these units are equipped with three operating cycles; cooling, h^^atine, 
and ve ntilating . The particular operational cycle is determined by setting the selector switch 
and thermostat located on the control panel to the desired environmental conditions. 

b Coolinc. When the selector switch Is set to the COOL position, the compressor and 
fan moSS ertferg zed and tl. compressor operates on the cooling cycle until the eondltioned 
ai? ^eS:iostat is satisfied. The system then transfers to bypass operation until the air temper^ 
atLfrthe conditioned space rises above the setting of the conditioned air thermostat, at which 
time the system automatically transfers back to the cooling cycle. 

(1) Cooling cycle (fig 4-10). During the cooling cycle, the liquid refrigerant, which Is 
un^er condens ing pressure. Is metered Into the evaporator through a themostatlca ly 
controlled expansion valve. As the refrigeram passes through the valve mo the rela- 
tively low-pressure evaporator, a certain portion of the liquid immediately tlashes 
(vaporizes). This flashing draws heat from the remaining liquid in th^ evaporator 
lowering its tenperature. Hc^it Is then transferred from the warm Indoor air passing 
over the evapori.tion coll to the chilled refrigerant, Cfxusing the refrigerant to vaporize. 
Then the heat-laden refrigerant vapor Is drawn from the evaporator, through the suc- 
tion line, to the compressor. Upon emerlng tlie compressor, the refrigerant vapor is 
compressed to condensing pressure and passea thixjugh Ui.- liui gaa uuc to u.c v.v.r.^'Jr.- 
ser. Since compressing refrigeram vapor substamially raises its condensing temper- 
ature the relatively warm outdoor air passing over the condenser coll surfaces Is 
sufficient to condense the refrigerant vapor to a liquid. The liquid then leaves the 
condenser and returns to the expansion valve, through the liquid line, to complete the 
cycle. A hack-pressure regulating valve prevems frost from forming on the evapo- 
rator. 

4-14 
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lACK PRCSSURE 
REGULATOR VAIVR 



HOT'CiS 
BYPASS VAU^E 




HEAD PRCSiUKC 
CpNTROi. TANK 



Fig 4-10, Cooling cycle, 

(2J i^ypaag cycle (fig 4-11), When the temperature of the conditioned air falls below the 
t!u»rmostat setting, the circuit which controls the rafrigerant valves is energized. 
This causes: 

(a) The liquid line valve to close, stopping the flow of liquid, refrigerant to the evaporator. 
This completely h-^-lts the cooling function, 

(b) The hot gas bypass valve to open, cycling a major portion of the compressed refriger- 
ant vapor directly back to the suction side of the compressor, 

(c) The liquid bypass valve to open, which transfers a small amount of liquid refriger- 
ant through an expansion valve into the suction piping. When the unit is operating 
in this bypass condition, the flow of refrigerant into the suction line places a small 
load on the system. This reduces the temperature of the suction gas which prevents 
the compressor from overheating. 



SACK PRCiSURC 
«EGULATM VALVE 



HOT GAj 
lYPASS VALVE 




HCAO PftCSlUIIC 
CONTKOt TANK 



Fig 4-11. Bypass cycle. 



c. Heating, Two ranges of heating are provided by a bank of electrical resistance heatera 
which arc mounted in the conditioned air stream directly behind the evaporator coil. Placing 
the selector switch in the LO-HEAT position energizes half of the heaters. The remaining 
heaters are onergl2tod when the switch is placed in the HI-HEAT position, thU3 providing max- 
imum heatinc capacity. When the selector switch ie in the HI-HEAT position, the fan motor 
Is In operation and one bank of heaters is on continuously while vhe secund bank is comrolied 
by the conditioned air thermostat. As the air temperature falls below the set point ol the 
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conditioned air thermostat, the thermostat contacts will close. This energizes the heater con- 
tactor which supplies power to the second bank of heaters through the normally closed contacts 
of the high temperature contiol. Moving the selector switch to the LO-HEAT »?nsition provides 
the same control sequence, but reduces the heating capacity by supplying powei to the first bank 
of heaters only as called for by the conditioned air thermostat. 

d, Ventllatingt With the selector switch at VENT, the fan mo^.or operates, the compressor 
and heater circuits are off, and air Is circulated as determined by the damper control. 

Note: When the selector switch is set to OFF, power is supplied only to the compressor 
crankcase heater. The unit must be disconnected from the powe^ source to dis- 
connect all circuits. 

4-7, INSTALLATION 

The Installation of an aL'-conditlonlng system will be determined by the requirements and 
space limitations* 

a. Throujgh^the-'v^all . When this method used, the unit rests Inside the area to be con- 
ditioned while the coiidensing and fresh air iniet side are vented through an opening In the wall 
to the outside. An opening, 1/4 in. larger than the outside dimensions of the unit, is cut in the 
wall. The clearance helps prevent transmission of vibration to the wall structure (fig 4-12). 
The unit is centered in the opening and bolted to the floor. All units have 15/32-in. -diameter 
holes with 7/16-14 nuts in the base for mounting. Aluminum or steel angles with rubber g^s- 
ketlng may be Installed around the unit to seal the opening. A drain line is connected to one of 
the 1/2 in. NPT drain connections located at the front, back, and sides of the unit. A trap or 
loop is required in the drain line to achieve proper drainage. Electrical connection is general- 
ly made at the back of the unit with an MS connector. Alternate connections are located on each 
side of the unit. 




Shelter 

^l/U" Clearance 
G Unit 



Fig 4-12. Through-the-wall installation. 

b. Telescoping rail. The telescoping rail arrangement is particularly applicable when the 
air-conditioning unit is '^o be installed in a van or shelter. Mounted on a telescoping rail ar- 
rangement, the unit is moved laterally through the wall before use. When not in use, the rails 
are retracted, placing the unit inside the shelter (fig 4-13). An opening is cut in the side of 
the shelter. The telescoping rail assembly is centered in the opening and bolted in place. 
The unit is then bolted to the base. A flexible canvas or rubber boot is installed to close the 
opening between the shelter and the unit. The electrical and drain connections are made as 
described in the through-the-wall installation. Either flexible or removable duct connections 
are used to |accommodate the movement of the unit. To complete the installation, the wall open- 
ing is covered by a hinged or removable door. 
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Unit mounted through side wall of van. Sliding 
rail allows unit to be moved inside when not in 
us^vehicle in motion. 



FLEXIBLE. 

eooT 




.TELESCOPING 
RAIL 



Fig 4-13. Telescoping rail installation. 



Cg Skid mounted. Skid-mounted units are designed for mobility. They are used to provide 
rir conditioning at a location remote from the area to be conditioned by a systi»m of flexible 
ducts. Remote location is desirable *'hen exceptionally low sound level is required. Installa- 
tion consists of a "retrofit" package with connecting flexible ductwork and cables to perma- 
nent fixtures on the unit and shelter (area to be conditioned). Figure 4-14 shows the compo- 
nent? of ♦hp r#»trnfit packagp.- The skid-mounted version {see fig 4-15) permits eAay ueiteaa 
for maintenance and facilitates rapid replacement of the complete unit. The tubular lifting 
frame, ^.lich is integral with the skici base, provides support for the ducting storage canister. 
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Fi« 4-14. Retrofit 
package components. 



Fig 4-15. Skid -mounted air conditioner 
'^'*using retrofit package. 



d. Exterior mounted^ This method is a variation of the through •the-wall method described 
above, and is one that saves valuable working space in small areas such &s shelters, A per- 
manent or temporary platform is attached to the outer wall of the bhelter. Openings are cut 

in the shelter wall for supply and return air connections. The unit is then bolted to Ih'j platform 
and the air and other connections made as necessary, 

e. General installation instructions , 

(1) Move the unit to the installation site^before removing the shipping carton, Remov«} the 
top, ends, and sides of the carton and the kimpac covering the unit. Retain both tae 
carton and the kimpac covering for use in future moves. 

Note: The unit must be set in the upright position for at least 12 hours prio." to 
running refrigerant system, 

(2) 'J^ho unit is secured to the shipping base by four 7/16" -14x2 1/4" hexagon head screws, 
four 7/16" flat washers, and four 7/16" Kant-Link washers. Remove these fasteners 
and move unit off the shipping bavse. 

(3) inspect the entire unit for signs of in-transit, damage. Pay particular attention to the 
evaporator and condenser eoils and the coil grilles, 

(4) The unit rfhouin bo set level to allow proper condensate drainage. However, operation 
will bf? satisfai ••ry with the unit sitting at no more than an 8,5° angle and using one of 
the aUemato flrain connections, 

{5) In or Jer for the unit to operate efficiently at rated capacity, you must consider acces- 
sibility and unobstructed airflow when locating the unit. 

(a) The removable lower front panel and the conditioned air supply and return air grilles 
must be accessible for normal service and maintenance, 

(b) I'hr r.)ndonser air intake grille must he unobstructed to allow sufficient air condens- 
inix purpos'\^. For niaxirniun unit capacity, the conditiont^d air supply and return 
npi^nmgs at the front of the unit should be free of obstruction, 

(G) Alountlng hole dimensions for fastening the unit to the floor are given in figures 4-16 
and 4-17, 
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5/16-18 THD. 



RETURM AIR 



w 

i. 



H 



\nC AIR IMIFT 



U DIA. HOLE 
CONWMSER 
AIR DISCHARGE 



s 

J 



- V * 

RIGHT SIDF. 




KK 



CONDEN.SKR COIL 
AIR INIJ-T 



HH 



7" ^ ^ 

/FRONT 

1/2" MPT DRAIN CONNECTION 
ROTH SIDES, FRONT f. BACK 



Dimensions 



II w 



I 

X 

r 



X 




NPr 

^ DRAIN CONNEC'i'ION 
BOTTOM ^7/16-14 THD 

FOR MOUNTING 
SEE DETAIL 

Nut may bo removod 
for thru bolting 



15/32 DIA 
CLEARANCE HOLE 



MODEL 



A/F32r-I7 
A/F32C-18 



4,\ 



17 



19 



D 



26 V 



t9^ 



16 I 



M 



2V 



I 



u 



16 



W 



13 



13 



AA 



BB I CC 



DD 



1^ 



16 ^ 



>E I FF 



GG 



14 



HH I JJ dim' 

.5 f"lT 



KK 

T 



Kig 4-16. Installation diagram, A/E 32C-17, A/E 32C-18. 



RIGHT SIDE 
DISaiARGE 



BACK 

MOUNTING 



RFTURN AIR 



NBC AIR 
INLET- 
BB DIA. 



POWER 
•i. CONNECTOR 

T\ 1 STD 

Jiocatiqn' ' 



KK 



1 alt . 
^location 




FRONT 



AA • 



r 



HH 

4 



/ I- — jj — • 



'X DiA. HOLE 
CONDEhJSER 1/2** NPT DRAIN CONNECTION 

AIR DISCHARGE BOTH SIDESi FRONT &BACK 



AA 



DD 



EE 

I 

1 A 



GG 



NN BOTTOM 




. tThd for mounting 
see detail 



Nut may be removed 
lortihru boltiiig 



15/32 DIA 
CIZARANCE HOLE 



♦A/E32C-27 & A/E32C-26 only 



DimMstons 



MODEL 


A 


B 


C 


D ■ 


E 


F 1 






J 


K 


L 


M 


N 


P 


Q 


R 


s 


T 


u 


A/E32C-24 
A/E32C-25 ; 




30 


It 


25^2 


12}^ 


2t^ 


3 


1 




6h 


•H 




17 Vg- 


J5 


2 


16 


3V. 


28^« 


9 




A/E32C-26 \ ^ 
A/E32C-27 1 ^''W 


34 


20 


29Vg 


14 


20V« 


3I 

i 






6 


29H 


22 Vj 


17 


2li 


16^ 




32^ 




1 










V 


W 1 X 


Y 


Z 


AA 


bB 


cc 


DD 


EE 


FF 


GG 


HH 


JJ 


KK 


LL 


MM 


NN 


PP 


QQ 


RR 




13Va 


21V, 


3 




Vi 


4 




14 




1 






15 


V4 


9 


V4 




13/, 


13 


3V, 


3 


15Vj 


24 Vj 


3'/j 


29H 


»/4 


4V4 


H 


liH 


12'^ 


1 


m 


='/4 


17 


^/4 


10 


V4 




2 


12V| 


5>/« 



Pig 4-17. Installation diagram A/E 32C-24. A/E 32C-25. A/E 32C-26, and A/E 32C-27. 
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(7) Connucl a drain hose to the 1/2'* NPT condensate outlet at the base of the unit. Lead 
the drain ho3C away from the unit. As shown in figure, 4-18, include a 3" gooseneck 
trap in the drain connection next to the unit. Alternate 1/2'* NPT drain connections 
are provided at both sides and the front of the unit. If one of the alternate drain con- 
nections is used, insert a 1/2'* square-head plug in the>ear drain connection. 



Fig 4-18, Condensate coraiection. 



(8) All unit internal wiring is complete as shipped. 

(a) /Different units have different 6lRctrlcal characteristics. The correct power 
source for each unit is stenciled on the side o^ the Unit and a wiring diagram is lo- 
cated on the back of the lower front panel. * • 

(b) An MS3100R receptacle is located on the back panel of the unit. Connect the proper 
electrical power source to this receptacle using an MS3106R plug or acceptable al- 
ternate. ' 

(c) Alternate power connections are located on both sides of the unit. A change to an 
alternate power location can be easily accomplished in the field. 

Caution: When you connect the power, energize the unit briefly in the ventilation 
mode and check condenser fan rotation. Note rotation arrow on back of 
. unit. If rotation is backward, « reverse any two of the power leads to the 
power connector, Recheck for rotation. 

(9) The control panel, shown in figures 4-19 through 4-23 and in figure 4-24, is located 
at the front of the unit. This panel may be mounted remotely by means of an inter- 
connecting cablo assembly. A blank cover panel may be installed in the front panel 
opening when remote control is used. 

Note: If the remote cable is not shielded, the radio frequency interference (RFIl 
integrity of the unit will be destroyed. 
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STABILIZER RESET 




Fig 4-19. Component location, A/E32C-17 and A/E32C-18. 




DRAIN 

Fig 4-20. Component location, A/E32C-26 and A/E32C-27 
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f^RESH AIR INLET 
DAMPER CONTROL 



GROUNDING 
STUD 




SUPPLY 
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'GRILLE 
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U^FILTER 



CONTROL 
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UNIT 
JUNCTION 
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CONDENSATE 
DRAIN 
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COVER PLATE 
FOR NBC 
AIR INLET 
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Fig 4-21. Component location, A/E32C-29. 
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Fig 4-22. Component location, A/E 32C-24 and A/E 32C-25, 

(10) Ductwork may be Installed from the outside to the fresh air inlet at the back of the 
unit; from a nuclear, biological, and chemical (NBC) filter system to a second 
inlet at the back of the unit; op from the front of the unit to the areas to be air condi- 
tioned. Ductwork and the NBC filter system are furnished by other manufacturers, 

(11) The air-conditioning unit contains a full operating charge of refrigerant and compres* 
sor oil, P\irther service is not required. The evaporator and condenser fan motors 
are permanently lubricated by the manufacturer and require no additional lubrication, 

4-8. OPERATION 

a. Operator's service requirements. To make sure that the air conditioner is ready for 
operation at all times, the operator must inspect it systematically so that defects may be dis- 
covered and corrected before they result In serious damage or failure. The necessary pre- 
ventive maintenance services to be performed are outlined in paragraph 4-9a. 

b. Controls and instruments. The various controls and instruments which govern the oper- 
ation of the air-conditioning unit are described below, 

(1) Selector switch. The selector switch, located on the control panel (fig 4-23), is a five- 
position switch which controls the type operation the unit is to perform, 

(a) HI HEAT , Energizes the evaporator fan motor. One bank of electrical heaters is on 
continuously and the second bank is under control of the temperature control (condi- 
tioned air thermostat), 

(b) LO HEAT . Energizes the evaporator fan motor. One bank of electrical heaters is 
under the control of the temperature control (conditioned air thermostat) and the 
second bank is inoperative, 

(c) VENT, Energizes the evaporator fan motor but all ocher systems are inactive. 
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(d) COOL , .Knerglzefl the fan and compressor motors. Whenever the air temperature 
falls below the temperature control setting, the compressor, while continuing to 
operate, transfers to a bypass (no load) condition* 



(e) OFF , The power circuit is de-energized except for the crankcase heater. 

Note: Whan the selector switch is set to OFF, power is supplied to the com- 
^ pressor qrenkcase heater. The unit must be disconnected from the 
power source to disconnect all circuits, . 

(2) T emperature control (conditioned air thermostat). The temperature control is also 
located on the control panel. It provides both heating and cooling control over a 50° F 
temperature rangb (40° to 90°F), Center position is approximately 650F. To de- 
crease the temperature, turn the knob counterclockwise; to increase temperature, 
turn the knob clockwise. 



TEMPEtATun S6LECT0B 

coNTSOl Switch 




Fig 4-23, Control paneU 

(3) Damper control . The fresh air inlet damper, located within the unit, is controlled by 
a pull chain on the front of the smallest- units and by a knob on the two biggest units 
(this knob may be on the front or on the back of the unit). When the fresh air damper 
is opened, the louvers on the conditioned air inlet on the front of the unit should be 
closed if the maximum of fresh air is desired. These louvers are controlled by a lever 
on the frxjnt of the unit, ^n air inlet is provided on the back of the unit for attaching 
the NBC filtered air system to the unit. When the NBC system Is In use, the fresh 
air inlet damper must be closed. Figure 4-24 shows how to operate the damper knob. 




REAIl 



Fig 4-24» Damper control knobs. 
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(4) OutHlde air thermost at. The function of the outside air thermostat is to prevent com- 
pressor start-up when the outside air temperature (ambient temperature) drops below a 
specified point. Jhia orevents operation at a time when low condensing and suction pres- 
sures win hamper sysiem operation. On the two smallest size units, the outside air ther- 
mostat is set to cut out at 50op ambient, while on all others It Is set to cut at 0°F ambient. 



(5) Sight glass (fi|[ 4-25). The liquid line sight glass, 
located on the back panel, iiKlicates if there is 
molature in the refrlgeir^nt or if there is a shortage 
of refrigerant. Moisture is Bhowr by the indicator 
turning from green to yellow. A shortage of 
refrigerant is indicated by bubbles appearing con- 
tinuously in the sight glass. 




Fig 4-25, Sight glass, 

\ 

(6) High-temperature control. The high-temperature control switch functions to prevent 
over-heating whrn the system is operating on the heating cycle. This device is de- 
signed to cut out at 1940 f (90^0 and automatically reset at I40OF (60^C). 

Note: 194°P will be reached only If the evaporator fan becomes inoperative, 

(y) High-pressure cutout switch . The high-pressure cutout switch is a manual reset type. 
Contacts open at 445 psig + 10 pslg, and will close after being. reset manually at 385 
psig or below (see fig 4-19). 

(8) Back-pressure regulator . The back-pressure regulator is designed to regulate evap- 
orator pressure to a minimum of 58 psig to prevent evaporator coil freezeup, 

c. Operating instructions . There are a few things to check before you start the unit. For 
instance, you should see if the unit is secure on its'mount and make sure there are no obstruc- 
tions to the tree flow of air to both front and rear intake grilles. Turn the selector switch to 
OFF. Apply power to the unit, (This energizes the compressor crankcase heater to vaporize 
any refrigerant present in the oil—this may take 5 hours,) 

(1) Starting the unit . The first step is to jorr the fan motor by turning the selector switch 
to COOL and then back to OFF. Check the condenser fan for proper rotation (referno 
paragraph 4-7e (8) Caution) , 

(a) Cooling operation. Set the temperature control at the desired temperature setting, 
then set the selector switch to the COOL position, thus starting the compressor. 
Allow the system to operate until it is discharging cooled air. Raise or lower the 
temperature control to maintain the desired temperature. 

(b) Bypass . With the selector switch in the COOL position, raise the thermostat setting; 
as the set point passes above the ambient temperature, the unit should go into bypass 
operation. 

(c) Heating operation. Turn the selector switch LO HEAT. For additional heating 
capacity, turn the selector switch to HI HEAT, Raise or lower the temperature conr 
trol to maintain the desired temperature, 

(d) Positioning of controls . Adjust the temperature control setting, fresh air inlet dam- 
per, and select switch in accordance with the system operating information in figure 
4-26, 



4-26 



115 



Alt <.oniiitionin^ 
, Required 


Thermostat 
Setting 


Indoor 
Ritufn Aif 
Dampif 


Air 

D.I niper 


Sl leitor 
Switch 
Position 


Cooling- 100''^ 
RecirojUrM Air 


Dciired 
Temperature 


Opt n 


Cloved 


COOL 


Cooling; - AX jth 
Ffcili Mikeup Air 


Desired 
Temperature 


Partially* 
Closed 


Open 


COOL 


Coolinp— >X*ith 
Fresh Makeup Air 
Drawn Through 

NBC Filf«»r 

i Outdoor Air 
Contaminated ) 


De&ired 
l^emperature 


Open 


Closed 


(,OOL 


Heating— 1 00^ 
Recirculated Air 


Deiircd 
Temperature 


Open 


Closed 


LO.HFAT or 
HI.HF.AT 


Heating- -W'lih 
Fre^h Makeup Air 


Desired 
Temperature 


Partially* 
Closed 


Open 


LO-HFAT or 
HIHIAT 


Healing— VC'ith 
Fresh Makeup Air 
Drawn Through 
NBC Filter 
(Outdoor Air 
Contaminated j 


Deiirtd 
Temperature 


Open 


Closed 


LO.HFAT or 
HI-HI.AT 


Vtnttlitor.— Maximum 
Outdoor Air 


Any 


Closed 


Oper. 


Vl^NTII.ATl 



♦The closing of the Indoor return air damper caiuef a greater portion of the total airflow to be drawn from the otttside* 

Fig 4*26. Operating information. 



Note ; The center of the temperature control scale corresponds to approximately 
65°F, 

(2) Stopping the unit . To shut down the unit, turn the selector switch to OFF. To shut 
the fc-ysttm down for an extended period of time, proceed as follows: 

(a) Turn the selector switch to OFF, 

(b) Disconnect the power supply, 

(c) Close the fresh air inlet damper. 

(d) Cover the condenser air intake and outlet openings, 

(3) Operating precautions. The following precautions shall be observed at all times: 
(a) Keep hands away from fans when unit is operating, 

. (b) Do not remove any panels to perform work or tests on the air conditioner while con- 
ditioner is connected to power source, 

(c) If the motor or the compressor become overheated, stop the unit immediately and 
check for the cause. 

(d) Should liquid refrigerant come in contact with the skin, the injury should be 
treated as for frostbite or frozen condition, 

(e) Do not usg water on a motor fire. 
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fl. Operation under unupual conditions . The unit Is designed to operate over the range re- 
quired for air -conditioning units. 

c 

(1) Extreme heat, "^he unit is designed io operate satisfactorily up to a temperature of 
125^F ambient. 

(2) Extreme cold. The outside air thermostat prevents the compressor from being started 
when the outside air temperature Is below a specified point (see paragraph 4-"8b(4)). 

(3) Dusty or sandy areas . Remove and clean the air filter as described In paragraph 
4-9a(l)(c) and (d)« Under extreme conditions or extended operating periods, clean 
the evaporator condensate drain pan and the unit drain pan to remove accumulated 
dust or sand. 

4-9. MAINTENANCE 

In this paragraph we will cover instructions for periodic Inspection, servicing, and main- 
tenance of the air-conditioning unit. Periodic inspection and proper maintenance will result in 
better operation and minimum repair. Deficiencies may also be discovered before they cause 
major damage. 

a. Preventive maintenance. Special tools are not required to perform routine organizational 
maintenance. As far as lubrication is concerned, the evaporator and condenser fan motors are 
permanently lubricated and the compressor and compressor motor are fully lubricated by the 
manufacturer and require no additional lubrication. 

(1) Periodic inspection . Periodic inspection Intervals aie listed In chart form. (Refer to 
table 4-6 for the periodic Inspection intervals,) All deficiencies not^d during inspec* 
tion should be corrected before further operation of the unit Is attempted. Adjustment, 
and repair procedures that are beyond the acope of operational maintenances shall be 
referred to maintenance personnel pospessing the proper tools, equipment, and Infor- 
mation to perform the needed repairs. The Intervals appearing in the periodic inspec- 
tion chart are for a normal 8-hour day operation. During abnormal conditions it may 
be necessary to shorten intervals accordingly. In addition to the daily inspections, 
the operator shall a^ all times be alert for any unusual noises or other indications of 
malfunctions during operation of the air conditioner. 



Table 4-6. Periodic Inspection Chart 



Component 


FREQUENCY 


Dall7 


Monthly 


6 Months 


GENERAL 










Check for visual damage. 


X 








Check legibility of decals and instruction plates. 






X 




Check for obstructions to free movement of air 
at front and rear of unit. 


X 








Check for clogged or damaged grilles. 


X 








COMPRESSOR AND PIPING 










Chec/c compressor for any unusual noises 
duri.ig operation. 


X 








Check liquid sight indicator for bubbles or 
indication of moisture. 


X 
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TablH 4-6. F^eriodic Inspection Chart--contd 



1 COMPONKNT 


"4 

FREQUENCY 




Daily 


^ Monthly 


6 Months 


c hooOli Ai\I> ^^Il^irsCi^-contd 








Check operating pressures* 






X 


Clieck piping for damaged tubes and fittings. 




X 




Check piping for leaks with halide leak detector. 






X 


URAIN PAN 




• 




Inspect drain pan for presence of foreign matter ! 
and clo^god drains, | 


X 




Ini5pect drain pan piping for damage or clogged 
condition. 




X 




Inspect check valve for proper operation. 




X 




ft 








Check filt^irs and mist eliminator for dirt or 
other foreign matter. 




. X 




o COILS 








Inspect coils for dirt or other foreign matter. 




X 




Inspect coils for loose mounting hardware » 




X 




MOTORS AND FANS 








Inspect motors and l.ins for loose mounting screws. 




X 




Inspect fan blades for c-'amage and accumulation 
of dirt or other foreign matter . 




X 




ELl':CTIUCAL WIRING AND CONNECTIONS 








Inspect wiring for insulation damage and loose 
connections , 




X 





(2) Service, 



(a) Grilles , Dust, insects, and other foreign matter on the grilles will restrict the 
flow of air through the grilles, ' Cleaning instructions which follow apply-to any of 
the grilles, 

U Remove screws, wasners, and lockwashers securing the grille to the casing. 
Remove the grille, 

2, Wash the grille thoroughly by flushing in hot water and allow the grille to dry 
thoroughly, 

3, After cleaning the evaporator intake or discharge grille, Inspect gasket for damage 
or loose cement, 

4, Install the grille and secure it with the screws, flat washers, and lockwashers 
previously removed, ' 

(b) Mist eliminator . Clean the mist eliminator as follows: 

K Remuve the screws, flat washers, and lockwashers securing top cover panel 
assembly to the casing. Lift the panel from the unit, 
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2. Slide the mist eliminator up and out of the evaporator coil slides, 

3^. Flush the mist eliminator with hot water* Do not oil. 

4. Install the mist eliminator in its slides. 

5, Install the top cover panel and secure it with the screws, flat washers, and lock- 
" washers previously removed, 

(c) Air intake filter ,- Tho atr intatce^ilter i8^i>ermaBeat-^m€l-roqiiir.ea.-only.. periodic 

cleaning* 

1, Remove the evaporator air intake grille, 

2, Remove the five screws, flat washers, and lockwashers, and lockwashers secur- 
ing filter support ta bottorn of drain pan. Remove the support from the air condi- 
tioner, 

3, Slide the filter up and out of the air conditioner, 

4, Wash the filter with hot water or steam. When dry, dip the filter in Standard Air 
Maze Fllterkote or Its equivalent, 

5, Install the filter in the air conditioner and install the support over the end of the 
' " fiUer, Secure the support with screws, flat washers, and lockwashers. 

(d) Fresh air filter. The fresh air filter Is also a permanent type requiring only peri- 
odic cleaning, 

1, Remove the screws, flat washers, and lockwashers v^nich secure the filter cover 
to the casing, 

2^ Remove the filter cover and filter, 

3, Wash the filter with hot water or steam. When dry, dip the filter into Standard Air 
Maze Fllterkote or Its equivalent, 

4, Install the filter and filter cover over the fresh air inlet and secure the cover with 
screws, flat washers and lockwashers. 

{e) Evapora t or coll. The evaporator coil is cleaned without removing the cpil from the 
air conditioner, 

I. Remove top cover panel assembly am. mist eliminator as instructed in subparagraph 
(b) above, 

2 Clean the surface of the coil and blow any dirt put from between the fins with com- 
^* pressed air. Hold the nozzle of the air hose at least 6 to 8 inches away from coil 
to avoid damaging the fins. 

Warning: Dc no^use steam to clean coils. r. 

3, Install the mist eliminator and the top cover panel, 

(f) Condenser coll . The condenser coil is cleaned without removing It from the air 
conditioner, 

1. Remove the front panel by loosening the panel fastening screws at the top of the 
panel, 

2. Remove the condenser air intake grille by removing the screws flat washers, 
and lockwashers. 
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Cloan the Hurface of the coll and blow any accumulated dirt out from between the 
fins with comprosHod alr» Hold the nozzle yt air hose at least 6 to 8 inches away 
from coll to avoid damaging the fins. 

Warning; Do not use steam to clean coils. 

4, Install the air Intake grille and secure It with screws, flat washers, and lock- 
washers, 

5^, Install tno front panel and tighten the panel fastening screws, ^ 

(g) Refrigerant sight indicator . The liquid sight Indicator should be checked periodically 
for indications of moisture or shortage of refrigerant. Indications of moisture or 
shortage of refrigerant shall be reported to higher authority for correction, 

U Moisture in the refrigerant Is nhown by the Indlpator turning from green to yellow. 

2_, A shortage of refrigerant Is Indicated by bubbles in the Indicator, 

(h) Drain piping. The drain pan and drain piping shall be kept clean to provide adequate 
drainage of condensate. 

U Komove the top cover panel assembly and mist eliminator as Instructed In para- 
graph, 4-9a(2)(b). 

2^. Remove the front lower paneU 

3^. Loosen the lo>^er hose clamp and work the drain connection assembly from hose, 

4. Remove the cotter pin from the end of check valve housing and remove the check 
valve ball and spring. 

5, Clean both the ball and spring. Clean the inside of the tubing gooseneck and housing. 
Flush the drain pan and the piping, 

6^, Install the check valve ball and spring in their housing and secure them, with the 
cotter pin, 

7^, Install the dfain connection assembly into hose and tighten the hose clamp. 

H^, Inntall the mist eliminator and top cover panel assembly, .Install the front lower 
panel, • - ' , 

b. Troubleshooting. Troubleshooting procedures and Instructions for the isolation of causes 
of conmion problems that may arise during operation are listed In table 4-7. 
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Table 4-7. Troubleshooting Guide 



Trouble 



Probable Cause 



Uemedv 



a. Compressor will 
not start* 



1, No power to air conditioner, 

2, Selector switch Improperly 
set, 

* 

3, Contacts of circuit breaker 
open, 

4, Outside air temperature 
below 0° F, 

5, Open control circuit. 



6, Loose electrical connections 
or faulty wiring, 

7, Defective circuit breaker, 

• 8, Defective compress^^r motor. 



1, Connect power, 

2, Set selector switch to "COOL"- 

3, Reset circuit breaker, 

4, Normal, 



5, Make continuity check of cir- 
cuit. Replace defective con- 
trols or refer to higher au- 
thority. ^ 

d. Tighten loose connections. 
Repair wiring If necessary, 

7, Check circuit breaker, 

8, Check motor for open wind- 
ings and grounds. 



b. Compressor starts 1. Fan motor failure, 
but goes out on 

overload, 2, High head pressure. 



1, Check fan motor, 

2, Clean condenser coll and con- 
denser air Intake grille. 
Check condenser fan for proper 
operation. If this does not 
correct the trouble, refer to 
higher authority. 



c. No heat or low 
capacity heat. 



1. Selector switch Improperly 1. Set selector switch to '^LO 
set, HEAT** or '-HI HEAT'' 



2, Insufficient air movement 
r^ver heating elements. 



2. Check evaporator coll, mist 
eliminator, filters, and grilles 
for dirt or other obstructions. 
Clean if necessary. 



3, Loose connections or defective 3, Tighten loose connections, 
wiring in heater or fan circuits. Repair damaged wiring. 



,4, Defective fan motor, 

5, Defective high temperature 
thermostat. 



^l. Test motor, 

5, Replace thermostat. 



d System losing cool- 1. Malfunciion or combination 1. Run pressure test. Trouble 



ing capacity or 
otherwise Indicates 
improper function- 
ing. 



of malfunctions resulting in 
abnormal operating pressures. 



shoot any abnormal pressure 
readings. 



ERIC 
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Table 4-7, Troubleshooting Gulde--contd 





Trouble 




Probable Cause 




Remedy 


e. 


Low suction 
pressure. 




Insufficient volume of air 
passing over evaporator coil. 


!• 


Clean any dirt or obstructions 
from grilles, filters, or mist 
eliminator. 






2 


ture^ in the conditioned space. 


2 


K 1 Q o t rfi Ti o T*si f n o c>'t\ if Y^f> 1 

setting. 






3. 


Defective expansiqn valve. 


3. 


Check operation of expansion 
valve. 




• 


4. 


Clogged filter drier, re- 
strlcting the flow of refrig- 
erant in the liquid line. 


4. 


Refer to higher authority. 


i. 


Low discharge 
pressure. 


1. 


Liquid bypass valve leaking 
liquid refrigerant into the 
suction line. 


1. 


Check solenoid valves. 






2. 


Defective compressor. 


2. 


Refer to higher authority. 


g. 


ligh suction 
pressure. 


1. 


High temperature in the 
conditioned area. 


1. 


Condition will remedy Itself 
as temperature Is reduced. 






2. 


Faulty expansion valve. 


2. 


Check operation of expansion 
valve. 






3. 


Hot gas bypass valve leak- 
ing discharge gas into suc- 
tion line. 


3. 


Replace valve. 






4. 


Defective valves in compres- 
sor. Compressor pumping 
refrigerant vapor into suc- 
tion line. 


4. 


Refer to higher authority. 


h. 


High head 
pressure. 


1. 


Insufficient volume of air 
passing over condenser coil. 


1. 


Clean condenser coil and con- 
denser air intake grille. 
Check condenser fan for 
proper operation. 






2. 


Overcharge of refrigerant. 


2. 


Refer to higher authority. 


i. 


High suction 
with low dis- 
charge pressure. 


1. 


Defective compressor valves. 


1. 


Refer to higher authority. 


j. 

1 


Low suction and 
(lischargo pressures. 


1. 


Lack of refrigerant. 


1. 


Check for bubbles In liquid 
sight Indicator, Check for 
leaks. 
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c, Tosting procedureSt The test procedures given herein should be used in coryunctlon with 
the troybleshootlng chart to Isolate malfunctions and verify troubleshooting results. Remedies 
that are boyond the scope of operational maintenance should be referred to iralntenance person- 
nel having the proper tools, equipment, and information needed to perform the repairs. 

(1) Circuit breaker . The circuit breaker will trip instantaneously if there is a short in 
the compressor motor. It cannot be switched on again until the compressor has been 
replaced. If the circuit breaker Is suspected of being defective, It can be checked by 
attaching two insulated jumper^wlres, one to each of the two lower terminals on the 
breaker, and then momentarily touching the other ends of the jumper wires to the two- 
upper terminals on the breaker; touch the jumper attached to the lower left terminal 
to the upper left terminal and the jumper on the lower right terminal to the upper right 
terminal. If the compressor motor starts when the jumpers are touched to the upper 
terminals, the circuit breaker is defective and must be replaced. 

(2) Control circuit . The cause for^a system's failure to operate can be greatly narro>yed 
If the control which caused the failure can be isolated. It is the function of safety de- 
vices to open vhe circuit under certain conditions; therefore, additional checking may 
be required to determine whether the safety device Is open because it is defective or 

Is performing its designed function. The following steps contain instructions for check- 
ing the control circuit and additional Information on safety devices. 

(a) Disconnect the power from the air conditioner. 

(b) Test the continuity across each control in the affected circuit with an ohmmeter. 

(c) Replace ^ny defective parts or refer to higher authority, taking into consideration 
that open safety devices may not" be defective. 

(d) The outdoor air thermostatic switch will open the circuit when the outdoor air is 
below 0® F +3°, if the switch Is cutting out above 0° F +3^, it must be replaced. 

(e) The circuit breaker will break the circuit if the compressor is drawing high current 
caused by high head pressure, defective compressor motor, or low voltage. Refer 
to (1) above for circuit breaker test. 

if) The compressor winding thermal cutout will opfen if compressor Is not receiving ade- 
quate cooling, head pressure Is high, or voltage is low. Refer to the compressor 
wiring diagram (fig 4-27). " . „ 
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Fig 4-27. Compressor wiring diagram* 

(3) Motors , There are three motors In the air conditioner:, the compressor motor, the 
condenser fan motor, and the evaporator fan motor. The following test .procedures 
apply to all motors. , 

(a) Disconnect the power supply to the unit and test the continuity across each combina* 
tion of the motor terminals. Lack of continuity indicates an open winding. 

(b) Place one contact of insulation tester or megger, if available, against the motor 
housing and the other against one of the terminals of the motor. If the reading is 
substantially below 1 megohm, the motor is grounded. 

(4) Refrigerant solenoid valves. Test the valves as follows: 

(a) Energize the valve and note if the valve clicks. If it fails to click, check the coil 
connection and the coil wiring. Replace or repair the wiring as required. 

(b) Place your hand on the downstream piping from the valve; if the piping warms,^the 
valve is opening properly. If the piping cools, the valve is not opening Vully. Attempt 
to free the valve by tapping the valve body. If this fails, refer to higher authority for 
replacement of the coil or valve. 

(5) Hot gas bypass solenoid valve. Energize the valve and place your hand on the down- 
stream piping. If the piping wai'ms up immediately, the valve is operating properly. 
If the piping warms up slowly or fails to warm, check the coil connection and coil 
wiring. If this fails to correct the condition, refer to higher authority. 

(6) Evaporator expansion valve. A faulty evaporator expansion valve will result in over- 
feeding or underfeeding the evaporator. 

(a) Overfeeding the evaporator coil results in an abnormally high suction pressure and, 
extreme cases, the carryover of liquid to the compressor. The condition is usually 
caused by an i.nproper expansion valve superheat adjustment or the remote bulb of 
the valve not making good contact with the suction lino. Tighten the remote bulb 
clamp and make certain that the full length of the bulb is contacting the bare suction 
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line. If this falls to correct the symptom, the superheat adjustment of the valve 
should be checked. Refer to higher authority, 

o 

(b) Underfeeding of the evaporator results in an abnormally low suction pressure. The 
operation of the power element Is tested in the following manner. 

Stop the system and allow the i'uctlon line to warm up to room temperature* 

Romovd the remote bulb from the suction line and place It in a container of Ice, 

Start the system. 

Remove the bulb from the container and warm It In your hand; at the same time 
feel the suction line. If a temperature drop Is noticed, the power element Is oper- 
ating. If there Is little change In the suction line temperature, the power element 
is faulty and must be replaced^ 

Refer to higher authority for power element replacement and for checking the valve 
superheat a4]ustment. 

Caution; Do not allow liquid to enter the suction line for any longer than Is 
necessary to check the operation of the valve. Excessive flood- 
back will damage the compressor. 

(7) System pressure test . Install pressure gages on the gage ports of the suction and dis- 
charge diaphragm valves. Turn valves two turns to open, exposing gages to the sys- 
tem pressure. Compare the gage readings with the normal ranges of system pressures 
shown in table 



Table 4-8. Normal Operating Pressures- PSIG 



OUTDOOR AMBIENT - DEGREES F 




50 


75 


100 


125 




90° F 


DB RETURN AIR TO UNIT 




Suction 
Discharge 


58 - 65 
125 - 160 


58 - 70 
175 - 210 


60-75 
255 - 295 


75 - 90 
370 - 410 




80O F 


DB RETURN AIR TO UNIT 




Suction 
Discharge 


58-65 
120 • 155 


58 - 70 
170 - 205 


60 - 75 
250 - 290 


65 - 75 
370 - 410 



(8) Leak test. Check ali piping and connections with a halide leak detector. The hallde 
leak detector conslsti? mainly of a small bottle of propane gas (sometimes alcohol) 
with a burner, valve, and exploring tube. With the flame lit and adjusted slightly 
above the top of the burner, the exploring tube Is placed at the point of inspection. A 
sampling of air from this point will be drawn to the burner through the exploring tube. 
If refrigerant Is present In the air sample, the color of the flame will change; green- 
ish tinge for small leakw and purple for large leaks. If any leaks are present, the con- 
dition shall be reported ^o higher authority for correction anii^recharglng, 

d. Repairs, Repairs and replacements of defective parts are limited to those covered in 
the following paragraphs of this section. Repair and replacement beyond the scope of opera- 
tional maintenance should be referred to maintenance personnel having the proper tools, equip- 
ment, and information to perform the needed operations. 



U 

2. 

3- 
4, 

5, 
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(1) Heater thermoBtat . The heater thermoatat Is designed to cut out at 194° and auto- 
matically reset at 140^ If the switch becomes bioperative proceed as follows: 

(a) Disconnect the power from the unit* 

(b) Uemove all screws, flat. washers, and lockwashei 3 securing the top cover panel 
assembly to the casing. Lift the panel off the air conditioner, 

(c) Disconnect the switch from the heaters, 

(d) Remove the two mounting screws and dwitch. 



(e) Install the new switch and mounting screws, 

(f) Connect the switch leadsno the heaters as shown in wiring diagram, 

(g) Install the top cover panel assembly and secure the panel with screws, flat washers, 
and lockwashers* 

(2.) Outside air thermostatic switch . Replace the outside air thermostatic switch as fol- 
lows: 

(a) Remove the evaporator air intake grille and filter, 

(b) Remove the switch mounting screws, nuts, and flat washers. Remove the gasket, 

(c) Disconnect the switch leads and remove the switch, 

(d) Connect the leads and install the new switch and. gasket on the casing. Secure with 
screws, nuts, and flat washers, 

(e) Install the filter and Intake grille, 

(3) Control paneL Replace the control panel as follows; 

(a) Remove the front panel, 

(b) Remove the evaporator air intake grille and filter, 

(c) Loosen the clamp screw and pull the thermostatic bulb from the clamp and into 
compressor compartment, 

(d) Disconnect the harness connector at the control panel receptacle, 

(e) Remove the screws, flat washers, and lockwashers securing the control panel to 
the mounting bracket. Lift the panel from the bracket, 

(f) Install the control panel on the bracket i i secure it with screws, flat washers, aid 
lockwashers. 

(g) Connect the wiring harness to the contro,. panel, 

(h) Install the bulb and tighten the clamp, 
(I) Install the air intake filter and grille, 
(j) Install the front panel, 

(4) Selector switch. (See figure 4-28), Replace the selector swUch as follows: 
(a) Remove the control panel as instructed in (3)(a) through (e) above. 
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(b) Remove the control knobs • 

(c) Remove the screws and nuts securing the control panel case to the mounting plate. 
Partially separate the plate from the case, 

(d) Disconnect the wiring from the switch and remove the switch, 

(e) Install the switch in the case and connect the wiring. Make sure the wiring connec* 
tions are correct* 

(f) Install the mounting plate on the case and secure them with screws and nuts, 

(g) Install the control knobs, 

<h) Install the control panel as instructed in (3)(f) through (j) above, 

(5)* Temperature control, (See figure 4*28), Replace the temperature control on the 
control panel as follows: 

(a) Remove the control panel «3)(a) through (e) above), 

(b) Remove the control knobs, 

(c) Remove the screws and nuts securing the mounting plate to the case* Partially 
separate the panel from the case, 

(d) Disconnect the wiring from the temperature controU 

(e) Remove the switch mounting screws and self-locking nuts^ and remove thie switch, 

(f) Install the switch on the mounting plate and secure It with screws and self-locking 
nuts, 

(g) Connect the wiring to the switch, 

.(h) Install the panel on the case and secure it with screws and nuts, 
(i) Insiall the control knobs, 

(j) Install the control panel as instructed in (3)(f) through (j) above. 
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SELECTOR SWITCH 



Fig 4-28. Control panel with case removed, ^ 
4-10. HORIZONTAL UNITS. 

a. General, The air conditioners being procured for FMF application also include two hori- 
zontal models as shown below in table 4-9. Maximum use is being made of 60Hz power to the 
exclusion of 400Hz power. The Marine Corps will make use of the skld-mpunted« remote version 
wHerever possible, as it i£3 the easiest to maintain and has the greatest degree of flexibility of 
application. 



Table 4-P, Horizontal Units 





NOMENCLATURE 




POWER 


NOMINAL COOLING 


Air Conditioner, 
MC9HAL6-208 


Marine Corps Std, 


Horizontal* 


60Hz 


9, 000 Btu/hr 


Air Conditioner, 
MC9HAL6-208 


Marine Corps Std, 


Horizontal, 


60Hz 


18. 000 Btu/hr 



Both horizontal units are constructed of durable, lightweight materials and are designed 
to meet military specifications for use on shelters, vans, compartments, and trailers in mobile, 
portable, and transportable applications. They provide complete environmental air conditioning 
(including cooling, heating, ventilation, dehumidification. and filtering). 



b. Technical description. Both the horizontal models and the vertical models are designed 
for economy of space and ease of movement, and for minimum power requirements, without 
sacrificing maximum efficiency, reliability, or maintainability. All components are nianufa'*- 
tured to insure complete interchangeability with air conditioners of the same capacities. The 
units are self-contained, air-cooled, and motor-driven. The compressors are hermeUcally 
sealed and have a force-feed lubrication system. Both the evaporator and the condenser are 
constructed as compact, fin/tube heat exchangers, with lightweight aluminum fans, directly 
connected to squirrel-cage, induction-type motors. Condensate drain pans are protected from 
corrosion by a coat of rionabsorbent latex material. In the vertical models, pipe nipples are 
flush-mounted on each side of the drain pan to allow condensate drainage when the unit is tilted 
in any direction. In the horizontal models, ccndensate Is allowed to drain when the air con- 
ditlonvr Is tilted up to 8° from horizontal, in any direction. The evaporator sections are 
insulated with foam rubber for protection against moisture condensation and to reduce external 
heat gain to the unit. The control panel Is designed so that It can be removed from the unit to 
allow remote mounting of the air conditioner. Thermostatic control provides automatic heating 
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and cooling modes. Two-stage heating Is obtained with tubular, resistance-type heating elements. 
The cooling mode utilizes a hot gas bypass system which permits the compreBsor to run con- 
tinuously, thereby avoiding voltage fluctuations due to frequent starting and stopping. Each 
unit has an opening covered with a removable plate for Interfacing (connecting) with an NBC 
.filter unit. Both condenser and fresh-air openings In all unite have a fine mesh screen to 
prevent entry of Insects, The condenser fan Inlet and discharge openings are protected by 
heavy-duty guards. Provision for admission of fresh air Is provided for all operation modes 
of all units. The flow of fresh air is controlled by an adjustable damper. The unit Is con- 
structed of a heavy gage aluminum external casing -with removable panels. This affords easy 
access to unit components for maintenance and repair. The air. conditioners are designed to 
operate in excess of 4« 000 hours without major overhaul. 

d. Horizontal models . The MC9HAL6-208 and the MC18HALo-208 were selected for PMP 
applications requiring the air conditioner to be mounted either Inside, through the wall, or 
hung on the exterior wall of the application. 

(1) Technical characteristics . The following tables give some of the technical character- 
istics of the horizontal model air conditioners. 



Table 4-10, Performance Data 



Model 


Electrical 


Cooling 


Heating 


MC9 HALS -208 
MC18HAL6-206 


Volts 1 Hz i 0 1 Kw 


Btuh 


Btuh 


208 50/60 3 3.0 
208 50/60 3 6.5 


9, 000 
18, 000 


7,000 
14, 300 



Table 4-11, Dimensions and Weights 



Model 


Length 


Width 


Height 


Weight 


MC9HAL6-208 


26 in 


23.8 In 


16 in 


200 lb 


IVfCl8HAL6-208 


27.8 In 


30 in 


20 in 


250 lb 



(2) Initial service and installation . When unloading the air conditioner, be sure to use a 
forkllft or handtruck that has at least a 300-lb capacity. Keep the air conditioner 
right side up during the unloading. If possible, unload the unit near the place it is 
going to be installed. Remove the crate, being careful not to damage the air conditioner. 
Inspect the entire air conditioner for signs of damage and loose or missing hardware. 
Make sure that all wiring, lines, and tuning are secure. Pay particular attention to the 
evaporator and condenser coils and main power receptacle connectors. Make sure 
that visible wiring and insulation is not frayed or broken. Check the evaporator and 
condenser fan motors. Report all damage and defects to organizational maintenance. 
Perform the services as listed below in table 4-12, Be sure all hardware Is 
securely in place. 



Table 4-12. Initial Checks and Services 



Iten^ to be inspected 


Procedure 


Evaporator outlet louver, 
Kvaporator inlet louver. 

Condenser cover. 

Kresh air inlet screen. 

Drains, 


Remove obstructions. Clean louvers. Tighten mounting screws. 

Remove obstructions. Clean louvers. Check for ease of op- 
eration. Tighten mounting screws. 

With cover rolled up for operation, check securing lies for 
damage. 

Inspect for obstraction? and loose mounting. Remove obstruc- 
tions, clean and tighten loose mounting screws. 

Inspect drains for obstruciiofs. Remove obstructions. 
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Table 4-12. Initial Checks and Servlces--contd 



Item to be inspected 


Procedure 


Condenser louver. 
Condenser guard. 
Controls. 

Main power receptacle 
connector. 


Check for loose mounting and damaged louvers. 
Remove obstructions and clean guard. 

Check for visual damage. Check operation of damper control. 
Check for secure power connection. Tig!. ten if necessary. 



Remember, when the air conditioner is shipped, from the factory, it is assembled and 
ready for operation (to include a full charge of refrigerant and compressor oil). 
Install the unit on a firm, level surface to allow proper condensate drainage. The unit 
should be installed in such a way as to permit easy access to it by operator and main- 
tenance personnel. Make sure that obstructions are removed so that the unit will have 
sufficient air. Base mounting hole dimensions are shown below in figure 4-29. 




MODEt 



MC9HAL6-208 



3/4-24UNf 



U 3/4" 



6*' 



16 3/16" 



4 1/4" 



MC18HAL6-208 



3/8-24 UNF 3B 



241/2" 



2 3/4" 



17 9/16" 



4 7/32 rt 



Fig 4-29, Base mounting holes. 

Caution: For safe operation, connect a No. lOAWG (mln) ground wire to ground con- 
nection. 

.1 

Connect the main power cable. If air ducts are required, connect them also, mounting 
an air filter In the ductwork if an evaporator return air duct Is required. Just a 

little word of caution here If you operate the unit without filtration, the colls will 

become clogged. 

(3) Operation ^ The following list of steps is a brief explanation of things to do to put the 

horizontal model air conditioners into operation and to shut them down. Refer to figures 
4-30 and 4-31 for location of controls. 
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1. TEMPERATURE SELECTOR 

2. EVAPORATOR FAN SPEED 

3. MODE SELECTOR 

4. MODEL NUMBER 

5. COMPR CIRCUIT BKR 



6. CONTROL CIRCUIT BREAKER 

7. ALTERNATE POWER 
CONNECTION 

8. VENT CONTROL ACTUATOR 



Fig 4-30, Horizontal air conditioner, front view. 




1. MAIN POWER SUPPLY 

2. REFRIGERANT SIGHT GLASS 

3. OUTSIDE AIR THERMOSTAT 

4. FRESH AIR INLET 

5. CONDENSATE DRAIN PLUG 

6. CONDENSER AIR INLET 

7. CONDENSER AIR DISCHARGE 



Fig 4-31. Horizontal air conditioner, rear view. 
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For Cooling 

Step 1. Be sure condenser cover Is rolled up. 

StQp 2. Lift tabs and open intake louvers. 

Stop 3. Turn vent control actuator to close damper door. 

Step 4* il'urn temperature selector switch to furthest clockwise position (warmer). 
Step 5^ Turn on control circuit breaker. 

Step 6. Turn mode selector switch to VENTILATE and allow fan to reach full speed, then 
turn to COOL. 

Step 7. Adjust temperature selector switch to degree of cooling desired. 
Step 8* Set evaporator fan speed switch to. desired postion* 
Step 9. Adjust plr outlet louvers to direct airflow as desired. 



..- - F or Heating 

Steps 1-3. Same as above. 

Step 4. Turn temperature selector switch to furthest counterclockwise position (cooler). 
Step 5. Same ad above* 

Step 6. Turn mode selector switch to LOW HEAT. Turn to HIGH if more heat is desired. 
Step 7. Turn vent control actuator to open damper door. 
Step 8. Partially close intake louver blades. 

Step 9. Adjust temperature selector switch to desired enclosure temperature. 
Step 10.^ Adjust air outlet louvers to direct airflow as desired. 

For Ventilating 
Step 1. Be sure condenser cover is rolled up. 
Step 2. Turn vent control actuator to open damper door. 
Step 3. Partially close intake louvers. 
Step 4. Turn mode selector switch to VENTILATE. 

To Stop Unit 
Step 1. Turn mode selector switch to OFF. 
Step 2. Close intake louvers. 

Step 3. Turn actuator to close fresh air vent damper. 

Note : If the uftit is going to be shut down for an extended period of time, cover the con- 
denser and evaporator grilles and disconnect the power cable. 

(4) Maintenance . The principles and procedures covered earlier in the course apply, in 
most cases, to the horizontal model air conditioners also. So, we will cover here 
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Home charts and precautionary notes and refer you to the pertinent TM (TM 5-4120- 
239-14 for the 9, 000 Btu units and TM 5-4120-243-14 for the 18, 000 Btu units) for a 
more detailed explanation to follow in maintaining or repairing the unit. Also TM- 
4120-15/lA will provide help with the technical characteristics of our air conditioners. 

Note: The evaporator fan and condenser fan motors are permanently lubricated by the 
manufacturers and require NO additional lubrication. The compresBor and com- 
pressor motor are fully lubricated by the manufacturers and require NO additional 
lubrication. 

Table 4-13. Operator's Preventive Maintenance 



Interval and sequence 
number 


i*em to be 
IriSpected 


Procedure 


Before 
operation 


During 
operation 


After 
operation 


1 




12 


Evaporator outlet 


Remove obstructions. Clean louvers. Tighten 








louver. 


mounting screws. 


2 




13 


Evaporator inlet 


Remove obstructions. Clean louvers. Check 






louvT. 


for ease of operation. Tighten mounting 










screws. 


3 






Condenser cover. 


With cover rolled up for operation, check 










securing ties for damage. 


4 




14 


Fresh air inlet 


Inspect for obstructions and insecure mountings 








screen. 


R<»mrti7p ohatructions clean and tififhten loose 










mounting screws. 


5 




15 


Drains. 


Inspect drains for obstructions. Remove 










obstructions. 


6 




16 


Condenser louver. 


Check for insecure mounting and damaged 










louvers. 


7 




17 


Condenser guard. 


Remove obstructions and clean guard. 


8 






Controls. 


Check for visual damage. Check operation of 








damper control. 


9 






Main power re- 


Check for secure power connection. Tighten 








ceptable connector. 


if necessary. 




10 




Liquid sight indi- 


Check for moisture and low refrigerant 






cator. 


charge. Yellow indicates moisture, bubbles 










or milky appearance indicates low charge. 




11 




Air conditioner 


Check for abnormal operation, vibration. 






operation. 


unusual noise, failure to respond to controls. 






18 


Condenser cover. 


Check for damaged fasteners. 



Table 4-14, Operator's Troubleshooting Chart 



%talfunction 



Probable Cause 



Corrective Action 



1. Air conditioner fails to 
operate. . o 



2. Insufficient cooling. 



a. Main power cable disconnected. 

b. Control or compressor circuit 
breaker in "OFF'* position. 

c. Mode selector switch in "OFF" 
position. 

a. Mode selector switch impro- 
perly positioned. 

b. Temperature selector switch 
set incorrectly. 

c. Insufficient air passing over 
evaporator coil. 



d. Too much outside air enter- 
ing unit. 



a. Connect power cable to receptacle. 

b. Reset circuit breaker. 

c. Turn selector knob to desired 
operation. 

a. Set switch to COOL. 

b. Adjust setting to COOLER. 

c. Open evaporator inlet loux ers. 
Remove any obstructions from 
evaporator inlet and outlet 
louvers. 

d. Close or adjust damper door. 
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Table 4-14, Operator'^ Troubleshooting Chart--contd 



Malfunction 


Probable Cause 


Corrective Action 


3. No heat 'or low cftpacity 
heat. 


e, Insufficient refrigerant in system. 

f, Evaporator fan speed switch set 
at low speed. 

g, Insufficient air passing through - 
condenser coil. 

a. Mode selector switch impro- 
perly. 

b. Temperature selector switch 
set incorrectly. 

c. Insufficient air movement over 
heater. 


e. Check liquid sight indicator. 

f, Reeet switch to high speed. 

g* Remove any obstruction from 
condenser fan inlet and outlet. 
Make sure louvers are open. 

a. Set switch to LOW HEAT or 
HIGH HEAT. 

b. Reset switch. 

c. Remove any obstructions from 
evaporator air intake and dis- 
charge louvers. Make sure in- 
take louvers are open. 



Table 4-15. Organizational Preventive Maintenance-Monthly Schedule 



Sequence 


Item to be 




number 


inspected 


Procedures 


1 


Evaporator inlet and discharge louvers 


Clean, Inspect for damage, Replace if necessary. 




Air filter 


Inspect and service or replace as necessary. 


3 


Condenser guard 


Inspect and clean. Replace if damaged. 


«4 


Fresh air screen 


Inspect and clean or replace as necessary. 


5 


Evaporator coil 


Clean and inspect. 


6 


Condenser coil 


Clean and inspect. 


7 


Condenser cover 


Inspect, clean, and repair or replace if damaged. 


8 


Housing covers 


Repair or replace damaged covers. 


9 


Fans 


Check fans for damage. Check motors for evidence 






of overheating. Replace damaged fans and motors. 


10 


Heaters 


Check for breaks in wiring and insulanort. Tighten 






.loose connections. 


11 


Controls and instruments 


Check for damage to any controls in control mo- 






dule. Replace defective parts or control module. 


12 


Junction box components 


Check for defective relays and circuit breaker. 


13 


Wiring and electrical components 


Check for damaged or frayed wiring. Check for 






defective electrical components. Repair or replace 






defective wiring. Replace defective electrical 






components. 


14 


Liquid sight indicator 


Check for damage. 


15 


Refrigeration system 


Check compressor, valves, and piping for damage. 






Report damage to 3d echelon maintenance 



'J'Weekly instead of monthly 



Table 4-16, Organizational Trouble^ooting Chart 



Malfunction 


Probable Cause 


Corrective Action 


1. Air conditioner fails to 


a. 


Main power cable disconnected. 


a. 


Connect cable. 


operate, 












b. 


Main power receptable connec- 


b. 


Replace connector. 






tor defective. 








c. 


Loose electrical connections. 


c. 


Tighten connections. 




d. 


Rotary selector switch impro- 


d. 


Turn selector switch to COOL 






perly adjusted or defective. 




or VENTILATE. Replace a de- 










fective switch. 




e. 


Control or compressor circuit 


e.. 


Reset circuit breaker(s) or 






breaker in OFF position or de- 




replace. 






fective. 








?. 


Defective phase sensing relay. 


f. 


Replabe defective phase sensing 










relay. 
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Table 4-18, Organizational Troubleshooting Chart--contd 



1 



Malfunction 


Probable Cause 


Corrective Action 


2, Insufficient cooling. 

3, Evaporator or conden- 
ser fan fails to operate. 

4, Compressor will not 
start 

•» 

* 


g. Defective control circuit trans- 
former. 

h. Defective *control circuit recti- 
fier. 

a« Mode selector switch impro* 
perl} positioned. 

b. Insufficient refrigerant charge. 

c. Condenser coil dirty. 

d. Evaporator return air filter 
dirty, 

e. Temperature selector switch 
set incorrectly or defective. 

f. Fresh air damper control set 
incorrectly or incorrectly ad- 
justed. 

g. Defective compressor. 

h. Evaporator outlet louver bent or 
stuck in closed position. 

i. Evaporator fan motor worn or 
defective* 

j» Evaporator fan loose or defec- 
tive. 

k. Evaporator fan motor thermal 
protector defective. 

a. Main power cable disconnected. 

b. Defective fan motor, 

c. Evaporator or condenser fan 
defective or binding* 

d. Defective condenser motor 
thermal protector. 

e. Defective evaporator fan motor 
thermal protector. 

f. Defective receptacle or plug 
connectors. 

g. Defective high-low condenser 
■ fan thermostatic switch, 

h. Defective condenser fan relay. 

i. Defective evaporator fan speed 
control switch. 

j. Mode selector switch Impro- 
^perly adjusted or defective. 

a. Compressor or control circuit 

° breakers or selector switch im- 
properly set. 

b. Contacts of high- or low- 
pressure cutout switch open. 

c. Loose electrical connections or 
faulty wiring. 

d. Open control circuit. 

e. Defective circuit breaker, 

f. Defective control transformer, 

g. Defective rectifier. 

h. Defective time delay relay. 

i. Defective compressor relay. 


g. Replace defective transformer. 

h. Replace defective rectifier. 

a. Set switch to COOL. 

b. Report condition to 3d echelon 
maintenance. 

c. Clean coil. 

d. Clean filter. 

e. Adjust setting or replace switch. 

f. Check setting of control. Adjust 
fresh air damper control. 

g. Report condition to 4th echelon 
maintenance, 

h. Repair or replace louver. 

i. Report deficiency to 3d echelon 
maintenance or replace motor. 

j. Tighten or replace fan. 

k. Replace thermal protector. 

a. Connect cable. 

b. Replace motor, 

c. Relieve binding or replace, 

d. Replace thermal protector. 

e. Replace thernial protector. 

f. Replace connectors or recepta- 
cles, 

g. Replace thermostatic switch. 

h. Replace defective relay. 

i. Replace defective switch. 

j. Replace a defective switch. 

a. Reset controls properly, 

b. Reset pressure switches. Report 
deficiency to 3d echelon 
maintenance if condition contin- 
ues. 

c. Tighten loose connections. Re- 
pair wiring if necessary, 

d. Make continuity check ofcircuit. 

e. Replace defective control or com- 
pressor circuit breaker. 

f. Replace defective transformer. 

g. Replace defective rectifier, 

h. Replace defective relay, 

i. Replace defective relay. 

» 
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Table 4-16. Organizational Troubleshooting Chart- -coiitd 



Malfunction 


Probable Cause 


Corrective Action 






J* 


Defective starting relay or capa- 


j. 


Replace defective capacitor or 








citor (single-phase compressor). 




relay, r 








Defective phase sequence relay 


k. 


Replace defective relay. 








(three •phase compressor). 










U 


Defective or tripped compressor 


U 


Allow unit to cool. Report de- 




• 




internal'temperature overload 




ficiency to 3d echelon main- 








switch. 




tenance if condition continues. 






m. 


Defective compressor motor. 


m. 


Check and report deficiency to 












4th echelon maintenance if 












motor is defective. 


5. 


Compressor starts but 


a. 


Condenser fan motor failure. 


a. 


Replace defective motor. 




goes out on overload,' 


b. 


High head pressure. 


b. 


Clean condenser coil and louvers. 












Check fan for proper operation. 






c. 


Defective or "tripped" com- 


.c. 


Allow unit to cool. Report de- 








pressor internal temperature 




ficiency to 3d echelon main- 








overload switch. 




tenance if condition continues. 






d. 


Improperly adjusted or defective 


d. 


Report condition to 3d echelon 








refrigerant control valves. 




maintenance. 






e. 


Evaporator fan speed switch set 


e. 


Reset switch to high speed. 








at low speed. 






8. 


Evaporator air output 


a, 


Dirty or damaged filter or lou- 


a. 


^Clean or replace filter. Clean 




volume low. 




vers.- 




or replace louvers as required. 






b. 


Iced or dirty evaporator coil. 


b. 


De-ice and clean coil. 






c. 


Defective evaporator fan. 


c. 


Heplace fan. 






d. 


Defective fan motor. 


d. 


Replace motor. 






e. 


Evaporator fan speed switch set 


e. 


Reset switch to HIGH speed. 








at low speed. 






7. 


Condenser air output 


a. 


Dirty condenser coll or guard. 


a. 


Clean coll and guard. 




volume low. 


b. 


Defective HIGH-LOW conden- 


b. 


Replace switch. 


i 






ser fan thermostatic switch. 










c. 


Defective condenser fan. 


c. 


Replace fan. 






d. 


Defective fan motor. 


d. 


Replace motor. 






e. 


Air outlet louvers stuck in 


e. 


Free louvers and control cable. 








closed position. 




r^ujuciL coniroi x^cici lu ou 












echelon maintenance if actuating 








. 




cylinder is not functioning pro- 












perly. 


8. 


Air conditioner fails 


a. 


Selector switch improperly ad- 


a. 


Reset selector switch to LO HEAT 




to heat. 




judged. 




or HI HEAT, 






b. 


Temperature control switch set 


b. 


Reset switch. 








incorrectly, 










c. 


Dirty evaporator return air fil- 


c. 


Clean filter. 






d. 


ter. 

Defective evaporator fan motor. 


d. 


Replace motqr. 






e. 


Defective temperature selector 


e. 


Replace defective switcb. 








switch or mode, selector switch. 










f. 


Defective heaters or wiring. 


f. 


Tighten connections and repair 












damaged wiring. Replace defec- 












tive heater* 








Defective heater relay. 


g- 


Replace defective relay. 






h. 


Defective heater high tempera- " 


h. 


Replace defective thermostatic 








ture cutout thermostatic switch. 




switch. 


0. 


Kxcessive noise. 


a. 


Evaporator or condenser fan. 


a. 


Tighten fans on shafts. Tighten 












all mounting screws. 






b. 


Evaporator or condenser fan 


b. 


Replace worn or defective motor. 








motor worn or defective. 










c. 


Compressor knocks or chatters. 


c. 


Stop air conditioner and report 










condition to 3d echelon main- 












tenance. 

■ 
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Table 4-17. Field Maintenance Level Troubleshooting Chart 



MalfuncUon 



U Compressor ivill not 
start* c 



2, Compressor starts but 
goes out on overload, 

3, Little or no heating 
capacity. 



4. Insufficient coolini;. 



5. Low suction pressure. 



6, Low discharge. 



7, Low suction and dis- 
charge pressure. 



«. High .suction pressure. 



Probable Cause 



a. Open control circuit* 

b. Defective circuit breaker. 

c. Defective starting relay or ca*- 
pacitor (single-phase compres* 
sor), 

d* Defective phase sequence relay 
(three'-pha^e compressor). 

e. Defective high- or low-pres- 
sure cutout switch. 

f. Defective compressor motor or 
thermal protector. 

a. Defective compressor run capa- 
citor (single-phase compressor). 

b. Defective compressor. 

a. Loose electrical connections or 
faulty wiring. 

b. Defective temperature selector 
switch or mode selector switch, 

c. Defective heaters. 

d. Defective heater high tempera- 
ture ciltout switch, 

e. Defective heater relay. 

f. Defective evaporator fan motor, 

a. Low refrigerant charge. 

b. Dehydrator clogged, 

c. Pressure regulator valve de- 
fective. 

d. Air in refrigerant system,. 

e. Thermal expansion valve de- 
fective. 

f. Defective solenoid valve. 

g. Defective, quench thermal ex- 
^ pansion valve. 

a. Defective thermal expansion- 
valve, 

b. Dehydrator clogged or defective. 

c. Pressure regulating valve de- 
fective. 

a. Compressor not pumping due to 
defective compressor. 

b. Defective high-low condenser fan 
thermostatic switch. 

a. Lack of refrigerant 



b. Defective thermal expansion 
valve. 

c. Defective quench thermal expan- 
sion valve, 

a. Defective thermal expansion 
valve. 

b. Defective pressure regulator 
* valve. 



Corrective Action 



a. Make continuity check of control 
circuit. 

b. Replace circuit breaker. 

c. Replace defective capacitor or 
relay. 

d. Replace defective relay. 

e. Replace detective switch. 

f. Replace compressor. 

a. Replace capacitor. 

b. Replace compressor. 

a. Check wiring and repair if 
necess/ary. 

b. Replace defective switch. 

,c. Replace defective heaters. 

d. Replace defective thermostatic 
switc|^ ^ 

e. Replace defective heater relay, 

f. Repair mqtor. 

a. Charge., refrigerant system. 

b. , Replace clogged dehydrator. 

c. R ?place defective valve. 

d. Purge and charge system. 

e. Replace defective valve, 

f. Replace defective solenoid valve 

g. Replace defective valve, 

a. Replace defective vaWe. 

b. Remove restriction or replace 
dehydrator. 

c. Replace defective valve. 

a. Replace defective compressor, 

b. Replace defective switch, 

a. Check sight glass for bubbles or 
milky appearance and check sys- 
tem for leaks. Repair leaks and 
add refrigerant as neceosary. 

b. Replace valve. 

c. Replace valve, 

a. Replace valve, 

b. Replace valve. 
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TnbU» 4-17. Field Maintenance Level Troubleshooting Chart--contd 



Malfunction 


Probable Cause 


Corrective Action • 


9, High head pressure. 


a. Overcharge of refrigerant. 

b. Condenser coil dirty, 

c. Defective condenser fan motor, 

d. Inoperative or improper adjust- 
ment of condenser louvers or 
actuating mechanism, 

e. Compressor defective, 

f. Quench thermal expansion valve 
defective. 


a. Discharge refrigerant as neces- 
sary, 

b. Clean coil, 

c. Repair motor, 

d. Adjust and clean as necessary. 
Replace inoperative components, 

e. Replace defective compressor, 

f. Replace defctive valve. 



Note : The cause for a system's failure to operate can be determined much easier if the 

control which caused the failure can be Isolated, It is the function oT safety devices 
io op6n the circuit ^nder certain conditions; therefore, additional checking may be 
required to determine whether the device is open because it is detective or because 
<t is performing its designed function. The following steps contain instructions for 
checking th3 control circuit. 

Step l. Disconnect power from air conditioner. 

Step 2, Test the continuity across each control in the affected circuit with a ohmmeter, 
using the schematic as a guide. Check the wiring diagrams for connections. 

Step 3, Replace defective parts. 

Warning: Avoid bodily contact with liquid refrigerant and avoid irhaling refrigerant gas. 
Be especially careful that refrigerant does not come in contact with the eyes. 
In case of refrigerant leaks, ventilate area immediately. 

As stated earlier, detailed explanations for maintenance and repair of the horizontal 
model air conditioners are found In TM 5-4120-239-14 (9, 000 Btu) and TM 5-4120-243-14 
(18, 000 Btu). Be sure and follow the Instructions therein carefully, 

4-11. GENERAL SAFETY 

^. Gener al, In chapter two we di£\russed safety and first aid when working with refrigerants. 
But safety isTomething that an air-conditioning mechanic must never i^orget, 

b. Electrical equipment. The Marine air-conditioning mechanic works with electrical 
equipment that has high voltage. Disconnect the power source when servicing jv maintaining 
your eqi xpment. Insure that your equipment is grounded. Do not wear metal bracelets, etc, 
when working around electrical gear, 

c. Operating equipment . When you are working around equipment that is operating, you 
should make sure that all guards have been installed on the machine. Do not wear lococ cloth- 
ing around operating machinery. Do not tolerate any horseplay in the workshop, 

d. Cleaning. Use only approved solvents and methods for cleaning cordensers, etc. Do 
not use steam on condenser colls . If any solvent gets on skin, wash immediately ^ith a mild 
soap and flush with plenty of water. Seek immediate medical attention If solvent gets in your 
eyes or if you should happen to swallow some, 

e. Cleanlinesd, Remember to keep your tools clean and your work area uncluttered. A 
f^veasy tool can slip and cause an Injury to yourself or fellow workers; Keep oily rags In a 
covered metal container that Is used for this purpose only. Cigarette smoking is a bad practice 
anywhere but especially In the workshop. Smoking should not be permitted in the workshop. 
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f. FlrBt Aid , Immediate medical attention is the best first aid that can be administered, 
but most of the time this is not possible. Prompt fl st aid by a fellow worker or yourself might 
be the difference in saving the life of a Marine. 

(1) Artificial respiration . If electrical shock should occur, the victim's breathing will 
sometimes stop. Artificial respiration using the mouth to nose method, or the chest- 
pressure arm lift method must be given. If the victims heart stops, then closed-chest 
massage must accompany the artificial respiration. Your Marine Essential Subjects 
handbook gives detailed instructions on artificial respiration and heart massage, in 
the first aid section, 

(2) Bleeding. Uncontrolled bleeding will cause death or shock. The bfeedlng may be 
controlled using a bandags dressing and applying pressure* Use a tourniquet if all other 
methods of controlling bleeding fail. Again refer to your Marine Essential Subjects 
handbook for instructions, 

(3) Shock,' Shor^k can result from any type of injury. Keep the victim breathing, heart beat- 
ing, and control bleeding If any. Elevate the feet 6-8 Inches if the victim Is consciou««. 
Reassuring talk is very beneficial. Refer to Marine Essential Subjects handbook for 
further details, 

(4) M edical Attention. In any serious accident where the eyes are Involved or something is 
swallowed, get prompt medical attention. 

4-12. SUMMARY * 

In this chapter you have learned the proper procedures for installing window or through- 
the-wall units. You learned that before doing anything you must first visually inspect the units 
for any apparent damage or malfunction. Window units vary in capacity from 4, 000 to 40, 000 
Btu's per hour* We also covered console units, a complete system mounted In a single cabi- 
net. These units can be found in small clubs, PX's, m^sshalls, and restaurants. 

This chapter covered remote units, which are located away from the space that is to be 
air conditioned. Troubleshooting was also covered. Always remember to consult the manu- 
facturer's instructions when troubleshooting. Remember that each unit is uaed for a specific 
purpose and a specific set of cooling circumstances. The Marine Corps Military Standard air 
conditioners has been covered, the differences in models, the operational theory, also the heating 
and cooling capacities (remenaber these units have two ranges of heat). Installation of these 
units was covered. Remember the installation will be determined by the requirements and 
space li.nitatlons. As a air-conditioning mechanic, you should always insure that the unit is 
capable of the designated job Defore attempting any repairs that may not help the unit or system 
to accompUsh the- job. Remember that the Marine Corps doctrine stresses the use of 60 Hertz 
power over 400 Hertz and the skid mounted, remote version of the vertical air conditioner 
wherever possible. Safety and first aid were briefly covered* /It should be remembered 
that a good source of information covering first aid is the Marine Esse ntial Subjects handbook 
wliich all Marines should have and read. 
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Fig 4-32, Wiring diagram for A/E32C-17 &-18. 
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UNfiTED STATIS MARINE CORPS 
MAflINK COnra INSTITUTC. MAPIINB 9AIIIIACK8 
BOX 1778 
WABHINOTON. O.C. BOOIB 

AIR-CONDITIONING MECHANIC 
Course Introduction 

AIR-CONDITIONING MECHANIC is designed to provide yoi ^Ih a general background of 
air conditioners and air-conditioning systems Including: theory, operational procedures, instal' 
lation, servicing, and limited repair of these units and systems. This course will arsist Cor- 
porals and below in MOS 1I6I in becoming better qualified air-conditioning mechanics. The 
course will provide theoretical knowledge to back up practical experience in the field. 

ORDER OF STUDIES 



Lesson 
Number 

1 
2 

3 
4 



Study 
Hours 

2 
4 

4 

3 

_2 
15 



Reserve 

Retirement 

Credits 

0 
2 

1 
1 

1 
5 



Subject Matter 

Principles of Air Conditioning 

Refrigeration Components as Applied to Alr- 

Conditioning Equipment 

Servicing Air -Conditioning Systems 

Commercial and Tactical Air-Conditionlng Units 

FINAL EXAMINATION 



EXAMINATION: 



MATERIALS: 



RETURN OF 
MATERIALS: 



Supervised final examination without textbook or notes; time limit, 2 hours. 
MCI 11.15a. Air-Conditloning Mechanic 
Lesson sheets and answer sheets. 

Students who successfully complete this course are permitted to keep 
the course materials. 

Students disenroUed for inactivity or at the request of their commanding 
officer will return all course materials. 



* * * 
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UNITED I^TATIS MARIN V CORM ll«15b 
MAfllNV eOKW INSTITUTK* MAfllNl MmtACKS 
■OX 177i 
WASHIHOTOM. O.C. tOOia 



AIR-CONDITIONING MECHANIC 
Lesson 1 
Principles of Air Conditioning 

STUDY ASSIGNMENT: Information for MCI Students . 

Course IhtroducttotT i . 
MCI 11.15b, Air«C6nditiohing Mechanic, 

LESSON OBJECTIVE: upon successful completion of this lesson you will be able to identify 

the components of air and their effect on air<-conditionlng equipment 
and its design. You will be able to identif}^ basic refrigeration theory 
and its application to air conditioning. You will be able to identify the 
correct methods of converting temperature from Fahrenheit to centi- 
grade and vice versa. You will be able to identify sensible, latent, and 
total heat of air. You will be able to determine the correct procedures 
for obtaining wet-bulb, dry-bulb, and dew-point temperatures. You will 
be able to use a psychrometric chart for determining the properties of < 
air from wet- and dry-bulb temperature readings. You will be able to 
identify the iristruments that are used to measure air velocities within an 
air-conditioning system. 

WRITTEN ASSIGNMENT: 

A. Multiple Choice: Select the ONE answer which BEST completes the statement or answers the 
question. After the corresponding number on the answer sheet, blacken the appropriate box. 

Value: 1 point each 

1. What is the main purpose of the air* conditioning equipment used by the military? 

a. To provide comfort for troops 

b. To control humidity in areas where delicate equipment is used and /or stored 

c. To control the environment in areas where troops and/or equipment work and operate 

d. To remove dust and foreign matter from the air 

2. Heat is produced in a substance by 

a. slowing the molecular action. 

b. increasing the molecular action, 

c. increasing the substance's size. 

d. lowering the substance *s resistance. 

3. What is sensible heat? 

a. Heat that causes a change of state 

b. The amount of heat required to change the temperature of 1 pound of a substance T F 

c. Heat that does not change the temperature o^ a substance 

d. Heat that can be added to or subtracted from a substance without changing its state 
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4. What IB apecific heat? 
a. Heat that la hidden 

b« Heat that raiaea or lowera the temperature of a substance 

c. The quantity of heat 

d. The amount of heat required to change the. temperature of 1 pound of a aubatance 1*.F 

5. How many Btu*a are required to raiae the temperature of IS pounds of iron from 35^ to 
BIT? 

a. 69.01 c. 89,010 

b. 72.315 d, 98.101 

* 6, How iu a Btu defined? 

a« The amount of heat required to change the temperature of 1 pound of copper 1^ F 

b. The amount of heat required to change the temperature of 1 pound of water 1° F 

c. The amount of heat required to melt one pound of Ice 

' d. The amount of heat required to boil one pound of water 

I. How much heat muat be added to 75 pounds of water to raise its temperature from 45^ to 
60* F? 

a, 125,5 Btu c 1125 Btu 

b. 750 Btu d. 2511.82 Btu 

8. Heat transferred from one part of an object to another part of the same object is known as 

St convection. c, transition, 

b. conduction. d. radiation. 

9. To best aid heat transfer by convection you would use 

a. large heating surfaces* c. light backgroxmd. 

b, dark background. d« fans or blowers. 

10, Heat transfer that is accomplished through the use of heating coils and a reflecting surface 
is called 

a. conduction. c. radiation. 

b, reflection. d. convection. 

II. What instrument is used to measure the temperature of a substance? 

a. Ir a 'chrometer c . Anemometer 

b. Th< rmometer Barometer 

12, On the centigrade scale, water will boil at degrees* 



a. 100 

b. 180 



c. 212 

d. 275 
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13. Convert 41** C into Fahrenheit. 

a, 5^ c. 22.77* 

b. 16.5* d. 105. 8* 

14. Convert 46* F into centigrade. 

a, 7.7* c. 57.5* 

b. 25.2* d. 82.8*- 

15. What is standard atmospheric pressure? 

a. Opsia ' c. 14.7p8lg 

b. 14. 7 psla d. 34 psig 

16. Standard atmospheric pressure will support a column of mercury of ■ inches. 

a. 34 c. 23.99 

b. 29.92 d. 14.7 

17. Normally* ^you take a pressure reading with a gage, the pressure you read will be 

a. above atmospheric pressure. c. absolute pressure. 

b. below atmospheric pressure. d. In inches of mercury. 

18. What is the absolute pressure when the gage reading is 23 psi? 

a. 8. 3 psia c. 37. 7 psia 

b. 23. 7. psia d. 65. 3 psia 

19. What is used to counteract the effects of weather and heat gain or loss to equipment and 
personnel? 

.> 

a. Refrigeration equipment c. Fans 

b. Air-*conditioning equipment d. Blowers 

20. Filtration that is accomplished by forcing air through a spray chamber or a screen of water 
is called filtration. 

a. wet c. electrostatic 

b. air wash d« centrifugal 

21. What is the difference between a wet filter and a dry filter? 

a. Water is circulated through a wet filter. 

b. The air is forced through a screen of water in a wet filter. 

c. A wet filter is coated with a viscous material. 

d. A wet filter is kept coated with moisture that is removed from the conditioned air. 

22. Porous materials such as hemp fibers or steel wool (without oil coating) are used to 
construct -type filters. 

a. dry c. electrostatic 

b, wet wash d. centrifugal 

23. Which types of filters can be disposable? 

a. Electrostatic and wet c. Air wash and dry 

b. Centrifugal and dry d. Wet and dry 
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24. Water vapor present in air ia the air. 



a. diBBolved by 

b. absorbed by 



c. separate from 

d. mixed with 



25, What is the temperature relationship between any water vapor present in air and the air 
itself? 

a. The water vapor is cooler than the air 

b. The air is cooler than the water vapor 

c. v The air and the water vapor are the same temperature 

26 « What begins to happen when air reaches its dew-point temperature? 

a. The air becomes dry 

b. The water vapor condenses 

c. The water vapor is absorbed by the air 

d. The air dissolves the water vapor 

27» Air that contains all the water vapor it can possibly hold is said to be at its 

a. condensation point* c. lowest humidity point* 

b. dew point. d« freezing point. 

28« The amount of moisture contained in the air at its dew point varies with the alr^s 

a. temperature. c. total heat only. 

b« saturation point. d. latent heat only. 

29. What is required for water vapor to condense directly to the solid state? 

a. An air temperature at or below 32^ F 

b. A water vapor at or below 32^ F 

c. A surface at or below 32^ F 

d. Finely subdivided drops combined into liquid form 

30. What is the sensible heat of air? 

a. The heat of the moisture in the air 

b. The heat that is measured with a wet-bulb thermometer 

c. The heat of dry air 

d. The dew point of air 

31. The three temperatures that are considered in air conditioning are 

a. wet-*bulb« dry-*bulb« and sensible. 

b. sensible, dew-point, and dry-bulb. 

c. dew-point, sensible, and wet -bulb. 

d. wet-bulb, dry-bulb, and dew->point« 
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32* What will a wet«bulb thermometer measure? 

a. The sensible heat of the air 

b. The laterit heat of the air 

c. The ability of the air to absorb moisture 

d. The amount of sensible heat minus the latent heat of the air 

33. What Ifi the dew-point temperature? 

a. The sum of the latent and sensible heat of the air 

b. The amount of moisture in the air 

c. The temperature where air can absorb more moisture 

d. The temperature at which condensation begins 

34. If the wet- and dry bulb temperature readings are 75* F, what will the dew-point temperature be? 

a, 55*F c. TS'^F 

b. 65*F d. BS'^F 

35. The science that deals with air and water vapor mixtures is called 

a. hygrology. c. hygrometry. 

b. psychrometry, d. hygrostatics. 

Note: Items 36 through 38 are based on the following situation; 

Assume that your sling psychrometer readings were 90° F dry-bulb and 750 F wet-bulb 
Using the psychrometric chart, find: 

36. Relative humidity (percent) 

a. 90 c. 53 

b. 78 d. 48 

37. Dew point 

a. 67'='F c. 72" F 

b. 70^ F d. 75^ F 

38. Cubic feet per pound of dry air 

a. 12.62 c. 15.86 

b. 14.17 d. 16.41 
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AIR-CONDITIONING MECHANIC 
Lesson 2 



Refrigeration Components as Applied to 
. Air-Conditioning Equipment 

STUDY ASSIGNMENT: MCI 11, 15b, Air- Conditioning Mechanic , chap 2. 

LESSON OBJECTIVE: Upon successful completion pf this lesson, combined with on-the-job 

•training rising the principles piesented, you will be able to: identify the 
procedures involved in installing*, operating, and maintaining an air- 
conditioning system and accessory material; 'recognize the general 
nomenclature of the components of an £iir-conditioning system and deter- 
mine the functions of the various components, parts, and accessories there- 
of; determine the charactefistics of refrigerants and identify the methods 
of proper storage amd handling of refrigerants;- and recognize the symp- 
toms of overexposure to refrigerant gases and the first aid methods to be 
used to counteract the effects. 

WRITTEN ASSIGNMENT: 

A, Multiple Choice: Select the ONE answer which BEST completes the statement or answers the 
question* After the corresponding number on the answer sheet, blacken the appropriate box* 

Value: I point each 

1. What purpose does the compressor in an ain-conditioning system serve? 
a« Acts as a pump to move the refrigerant throughout the system. 

b. Removes the refrigerant gas from the evaporator, compresses it. and moves it on to the 
condenser* 

c* Regulates the running time of the system. 

d. Insures a constant and steady pressure throughout the system. 

2, The operational cycle of a reciprocating compressor is very similar to the operational cycle 
of a(an) 

a. gasoline engine. c, turbine engine. 

b. electric motor. d, steam-driven motor. 

3, When does the refrigerant vapo - enter a reciprocating compressor? 

a. On the downstroke of the piston 

b. On the upstroke of the piston 

c. When the revolving blade movrs to allow the inlet to unobstructod 

d. When the enlarged portion of the eccentric is directly opposite tho inlet port 

4. In a rotary compressor that employs rotating blades, gas is kept from escaping back to the 
inlet side due to extremely close tolerances between the blades and the cylinder walls ami the 
presence of 

a. lubricating oil, c. a sliding barrier. 

b. spring-loaded valves. d. liquid rt^frigerant. 
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5. Which compressor employs a spring-loaded blade te separate the suction and exhaust ports? 

a. Stationary-blade rotary compressor c. Reciprocating compressor 

b. Rotating-blade rotary compressor d. Centrifugal compressor 

6. Which type of compressor is equipped with a step-up gear train? 

a. Reciprocating b. Rotary c. Centrifugal 

7. Self-contained military air-conditioning systems usually use ::type compressors. 

a. open b. sem.-sealed c. hermetic 

V 

8. Although hermetic compressors eliminate many maintenance problems, one major problem 
that exists is 

- ' • < » . . 

a. lubrication. c. heating. 

b. charging. ' '\ d. cooling. 

9. What is the function of a condenser in an air-conditioning system? 

a. To convert low-pressure gas into a high-pressure gas 

b. To convert low-pressure gas into a low-pressure liquid • - 
Cr To convert high-pressure *ga$ into a high-pressure liquid 

d. To convert high-pressure gas Into u low-pressure gas 

10. How does the condenser accomplish condensation of the refrigerant vapor? 

a. By removing the latent heat of condensation 

b. By adding the latent heat of condensation 

c. By reducing the ambient temperature 

d. By increasing the ambient temperature 

11. How is the air surface of a static airflow condenser increased? ^ 

a. By increasing the amount of airspace between the parallel tubes 

b. By decreasing the distance between the parallel tubes ^ 

c. By using equally and closely spaced fins 

d. By using widely spaced fins 

12. Which type of condenser eliminates the need for a receiver in an air -conditioning system? 

a. Tube-within-a-tube c. Static airflow 

b. Shell-and-tube d. Forced convection 

13. The counterfiow method of condensing the refrigerant vapor is employed in the 

condensers. 

tube-within-a-tube c. static airflow 

b. shell and tube d. forced convection 

14. What is the purpose of a receiver? 

a. To temporarily store high-pressure liquid refrigerant until it is needed by the system 

b. To temporarily store high-pressure refrigerant vapor until it is needed by the system 

c. To store the refrigeration oil 

d. To store the lubricating oil 
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15. The sight glass or tubular glass gage rtiounted on the receiver is used to determine the 

a. amount of moisture in the system. 

b. level of lubricating oil in the system, 

^ c. height of the liquid level in the receiver. 
^ d. state of the refrigerant charge, 

16. The device within an jair-condltlohlng system in which the refrigerant bolls and absorbs heat 

from the surrounding environment is the 

a* condenser, c. receiver. 

b» heat exchanger. d. evaporator. 

17. Which evaporator is mo^ commonly used in air-conditioniiig systems? 

a. Flooded -direct-expanslon-type c. Shell-and-tube^ 

b. Dry-expansion-type d. Flooded shell -and- tube 

18. What type tubing is used for the lines in an air-conditioning system using ammonia as its re- 
frigerant? 

■\ 

a. Soft coppei tubing c. Aluminum tubing 

b. Hard- dr awn ropi-er tubing d. Thin- wall steel tubing 

19. How should copper tubing be kept during handling and storage to keep it free from dirt and 
moisture? ^ 

0 a. In a dirt- free storage area 

b. The ends should be crimped or capped 

c. In a w U- ventilated storage room 

^' d. No special precautions are necessary 

20. When installing tubing in a system, horizontal loops sire, used to prevent excessive 

a. air surface, c. heat loss. 

b. vibration. d, liquid flow. 

21. Which type copper tubing requires the use of braces and clamps? 

a. Short lengths of aluminum tubing c. Hard-drawn copper tubing 
' b. Thin-wall steel tubing d. Soft-drawn copper tubing 

22. Flare-type fittings are usually used in conjunction with what type tubing? 

a. Hard-drawn copper tubing c. Aluminum tubing 

b. Soft-drawn copper tubing d. Small diameter thin-wall steel tubing 

23. What should be used in conjunction with hard-drawn tubing to make it conform to system 
requirements ? 

» *■ 

a. Golderless fittings ^ c. Hand bending set / 

b. Solder-type fittings * ■ d. Mechanical benders 

24. Why are strainers used in an air-conditioning systeia? 

a. To remove moisture from the system 

b. To remove dirt and foreign matter from the system 

c. To separate the lubricating oil from the refrigerant 

d. To control the liquid flow in the liquid line 
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25. Del^drators are used in an air-condltionlng system to remove 



a. moisture* 

b. dirt. 



foreign matter, 
d. scale. 



26. Strainers are placed In each end of a dehydrator to prevent 

a. moisture from entering the system. 

b. moisture from entering the dehydrator. 

€• the drying agent from entering the system. 

d. liquid refrigerant from entering the dehydrator. 

27. A dehydrator should never be replaced with one that is the original. 

a, the same size as ^ 

b, smaller than 

c, larger than 

28. Bubbles in the liquid sight glass could indicate lhat a system is 

a. undercharged. c. operaA ing correctly. 

b. overcharged. d. on che defrost cycle< 

29. The liquid sight glass in an air-conditioning system io used to check the refrigerant and to 
determine the 

a« condition of the charge. 

b, moisture content of the refrigerant. 

c, foreign matter content of the refrigerant. 

d, ^ oil level in the refrigerant. 

30. Fusible metal plugs are Installed in an air-conditioning system to serve as 

a. drain plugs for the receiver. 

b. cleaning plugs for water-cooled condensers. 

c. high-pressureTelease safety devices. 

d. low-pressure safety, devices. 

31. Why are heat exchangers employed in an air-conditioning unit using an expansion valve as its 
metering device? 

a. To prevent premature "gassing off" of the liquid in the liquid line 

b. To prevent the suction gases from condensing 

c. To maintain a sperlflc desired temperature level in the receiver 

d. To warm the liquio line anJ maintain its temperature at a specific level 

: 2. Service valves are used in a system to accomplish repairs, purge or charge a system, install 
service gages or special controls, and 

a. Isolate one part of a system from the rest of the system. 

b. aid in reducing compressor load. 

c. prevent moisture from entering the syste-^.. 

d. control the refrigerant gad entering the compressor. 

.33. Which type of valve can be fitted with a tube and used as a draw-off valve for the receiver? 

a. Two-way c. Relief 

b. Three-way d. Regulating 
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34. Which type valve is usually used as a compressor service valve? 



a. Two-way 

b. Three-way 



c. Automatic 

d. Single action 



35. In order to remove the compressor from a system, in what position must the valve stem of 
the suction and discharge service yalves be? 

a. Turned all the way out 

b. Turned to the middle position 

c. Turned all the way in 

36. Which valve is installed on receivers to prevent damage to the system from high pressure'' 

a. Check c. Three-way service 

b» Relief d, Four-wi^ service 

37. What tjrpe of valve is installed in a system to insure refrigerant flow in one direction only? 

a. Regulating c. Line-check 

b. Gate d. Globe 

38. The refrigerant metering device that operates on low pressure and maintains a constant- 
evaporator pressure Is a(an) 

a. automatic-expansion valve. c' float valve. 

b. thermostatic expansion valve. d, capillary tube. 

39. What would happen if a system were equipped with a 1-ton compressor and an automatic- 
expansion valve of 3/4-ton capacity? 

a. The refrigerant would become a gas in the liquid line, causing the compreseor to stop. 

b. Liquid refrigerant would get into the Ruction line, causing possible damage to the com- 
pressor. 

c. Not enough refrigerant would be allowed tp enter the evaporator, causing the compressor 
to overwork. 

d. The suction line would frost or sweat and liquid refrigerant would be allowed to enter the 
compressor, 

40. How does a thermostatic expansion valve control the refrigerant flow into the evaporator? 

a. By a pressure/temperature difference between the evaporator and the condenser 

b. By a pressure difference between the evaporator and the valve 

c. By a temperature difference betwisen the high and low side of the evaporator 

d. By a pressure temperature difference between the thermal bulb and the evaporator 

41. Where should the thermal bulb of the thermostatic expansion valve be located in an air- 
conditioning system? 

a. At the inlet side of the evaporate** 

b. Attached to the suction line at the outlet of the evaporator 

c. Attached to the center of the evaporator on the air discharge side 

d. Attached to the liquid line before the expansion valve 

42. What is the most important thing to remember about a capillary tube? 

a. Its spray action 

b. Its throttling or reducing action 

c. The fact that most of its length will be coiled 

d. The length and diameter of the tube 
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43* What type flolenoid vclve Ifl used extensively in heat pumps to open or close several ports? 



45. The differential of a control is defined as; 

a. The axis around which the control knob rotates. 

b. The difference in temperature or pressure, between the cut-in and cut-out points of a control, 
c! The difference between the operational range of a control and the boiling point of the re- 
frigerant* 

d. The operational range of the control. 

46. The total amount of pressure or temperature over which a control can operate is the control's 

range. c. cut-in. 

b, differential. d. cutout. 

47* low-pressure cut-out will allow the compressor to start whenever the pressure 

a. rises above a predetermined point. 

b. falls below a predetermined point* 

c. remains within the pressure range of the control. 

d. remains within the differential of the control. 

48. A low -side pressure control is a throttling valve that is used to 

a. reduce the condensing pressure. 

b. maintain a constant pressure in the receiver. 

c. maintain a constant pressure in the evaporator. 

d. increase the suction pressure. 

49. A high-pressure cutout is a safety device which will stop the compressor whenever the 

pressure becomes excessive. 

a. condensing c. high side 

b. evaporator d« head 

50. Which control operates on the difference between the pressures in the low side of the system 
and the oil pump discharge? 

a. Low-pressure cutout c. Dual-pressure control 

b. High-pressure cutout d. Oil-failure cutout 

51. Temperature controls differ from pressure controls in that along with a bellows diaphragm, 
they also employ a 

a. thermal bulb. c. high-pressure cutout. 

b. mercury switch. d. float valve. 



a. Two-way . c. Four-way 

b. Three-way d. Single action 



44. A 2-way solenoid would be used to control refrigerant flow in 



a. two separate lines. c. one line only. 

b. two separate directions. d. several lines, but flow in one direction. 
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52. Magnetic acroi0«the<*lina startera consist of two electrical circuits. They are the 
circuit and the clrcuitt 

a» power»-heater c. power--control 

b. controI-"<holding d« control-* -^overload 

53. When first obtaining a magnetic across-the-Une starter, which part (s) is (are) not usually 
included? 

a. Lower contact points c. Overload contact points 

b. Holding coll d. Heaters 

54. Which type control is used on air-conditioning units and systems to prevent the evaporator 
. coil from freezing? 

a* Temperature c. Low-pressure 

b. Defrost d. Dual 

55. Which type motor is easily identifiable by a hump located on top of the motor? 

a. Split-phase c. Polyphase. 

b. Shaded-pole d. Capacitor 

56. Which type motor would be found operating a small fan, blower, or pump? 

a. Split-phase c. Polyphase 

b« Shaded-pole d. Capacitor 

57. Which type motor rotor has no insulation, brushes, sliprings, or commutator? 

a. Slip-ring polyphase c. Capacitor-start 

b. Squirrel-cage d. Split-phase 

58. Refrigerants in common use today are affected by pressure and temperature in a manner 
similar to 

. a. gasoline. c. mercury, 

b. water. d. bottled gae. 

59. What relationship must exisu between a refrigerant's normal condensing temperature and 
pressure and its critical temperature and pressure? 

a. The critical temperature and pressure should be exactly the same as the normal condens- 
ing pressure and temperature. 

b. The critical temperature and pressure should be well below the normal condensing tem- 
pex*ature and pressure. » ' ' 

c. The critical temperature and pressure should be well above the normal temperature and 
pressure. 

d. The normal condensing temperature and pressure should be well above the critical tem- 
perature and pressure. 

60. Which refrigerants are most commonly used in the Marine Corps today? 

a. Ammonia, F-114,and F-i2 c. P-12, P.22, and methyl chloriu ^ 

b. F-12, F-22, and ammonia d. Ammonia, methyl chloride, and ' -502 

61. Which refrigerant boils at -21. 7*^ F? 

a. F-12 c. F-.114 

b. ^'-22 d. Ammonia 
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62. P-22 boilfl at degrees Fahrenheit. 

a. -21.7 c. -32.7 

b. -28 d. -40 

63. Which material would NOT be used in a system that uses ^-12 as its refrigerant? 

a. Copper c. Neoprene 

b. Stainless steel d» Natural rubber 

64. The most dangerous of the commonly used refrigerants used in the Corps today is 

a. ammonia. c. F-22. 

b. F-12. d. F-114. 

65. Agents such as air, water, and brine are examples of refrigerants. 

'a. primary c. perfect 

b • 8 ec o nda ry d . natural 

66. Which statement about seconaary refrigerants is NOT true? 

a. They are not, in themselves, refrigerants. 

b. They must be cooled and then circulated around or over an area to be cooled. 

c. They can be used in the primary system. 

d. They must be used only in the secondary system, 

67. All compressed {{as cylinders used by the Corps to package refiigerants are manufactured 
under specifications as set forth by 

a. HQMC. e. ICC. 

b. DOD. d. SEC. 

68; All compressed gas cylinders are essentially the same except those that are used for 

a. refrigerants. c. oxygen. 

b, propane gas. d. acetylene. 

69. Cylinders containing F-12 and F-22 are painted what color? 

a. Brown c. Green 

b. Yellow d. Orange 

70. Where would you find the name of the gas stenciled on a cylinder? 

a. On the cylinder body, along the longitudinal axis 

b. On the base of the cylinder 

c. Around the upper band on the cylinder 

d. Around the neck of the cylinder just above the ICC mark 

71. Ventilation must be provided in any area in which compressed gas cylinders are stored in 
order to keep temperature below 

a. 100 c. 125 

b. 112 b. 136 
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B, True-false: Itema 72-76 complete the sentence below. Blacken a or b on your answer sheet 
after the corresponding number to indicate your choice of true or false. 

Value: 1 point each 

Proper storage of compressed gas cylinders is accomplished by a b 

72, protecting them from any extreme weather condition. T F 

73. storing them in a cool, damp area. T F 

74. segregating the cylinders as to specific gases, T F 

75, storing them in a well -ventilated area, T F 

76, marking the empty cylinders with paint. T F 

C, Multiple Choice: Select the ONE answer which BEST completes the statement or answers 
the question. After the corresponding number on the answer sheet, blacken the appropriate 
box. 

Value: 1 point each 

77. Which statement is true concerning handling of compressed gas cylinders? 

a. Repair immediately any damaged cylinder. 

b. Cylinders may be filled with any gas of the same family. 

c. Never alter or change ar^ of a cylinder's permanent markings, 

d. When transferring refrigerants, insure that the cylinder is completely filled, 

78, Which statement is true concerning handling of compressed gas cylinders? 

a. Empty cylinders may be used as supports or rollers if proper circumstances arise, 

b. Electromagnets may be used to lift cylinders. 

c. Never use wrenches, other than a cylinder valve wrench, to open cylinder valves. 

d. Valve regulators, gages, hoses, and other attachments can be interchanged between 
different compressed gases. 

79. When filling a service cylinder with refrigerant, what should be done after the cylinder is 
initially weighed? 

a. Connect it to the supply cylinder, 

b. Connect and purge the charging hose , 

c. Chill the service cylinder. 

d. Weigh the supply cylinder, 

80, When t.^ansferring refrigerants, how should you heat the supply cylinder? 

a. With a blow torch 

b. Immerse it in boiling water 

c. Use the flame from the halide torch 

d. Immerse It in hot water of less than 125"* F 

81. When transferring refrigerants, how do you determine that the proper amount has been 
transferred? 

a. By the weight of the service cylinder 

b. By the weight of the supply cylinder 

c. By an indi;atlng gage on the service cylinder 

d. When the hissing sound stops at the supply cylinder 
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82. If any liquid halogen-type refrigeranta come in contact with the skin, how should the area be 
treated? 

a. Treat as if the victim has 3d degree burns. 

b. Treat the victim for frostbite. 

c. Treat the victim for skin poisoning. 
Treat the victim as If he has sunstroke. 

83. What is the first thing that should be done if a person is overcome by refrigerant fumes? 

a. Remove him from the area c. Loosen his clothing 

b. Apply artificial respiration d. Summon medical help 

64. What should be used to remove liquid ammonia from the eyes or skin? 

a. Water Sterile salt solution 

b. Sterile mineral oil d. Gauze pads 

85. Refrigeration lubricating oils have what type of base ? 

a. Water c. Paraffin 

b. Carbon d. Vis^sous 

86. What does it mean if you say an oil has a low viscosity? 

a. That It won't break down at high temperatures or lose its fluidity at low temperatures 

b! That an oil and the refrigerant will mix together without causing a chemic -eaction 

0. That the oil will not burn at high temperatures causing carbon deposits at hot spots 

d. That the oil will not deposit wax throughout the system 

87. What is meant by an oil having a low pour point? 

a. That it woa»t break down at low temperatures 

b. The lowest temperature at which an oil remains a fluid 

c. The Ability of the oil and refrigerant to mix 

d. The amount of wax contained in the oil 

88. What should be done with any oil that is removed from a system? 

a. ^ Throw It away. Save it so it can be reclaimed. 

b. Save it if it is not contaminated. d. Reuse it in the system. 

89. If discoloration or odor Is present In oil just removed from a system. It Indicates that 

a. the compressor is operating at extremely high temperatures. 

b. the condenser is operating inefficiently. 

c. there is moisture in the system. 

d. the low-Side pressure is too high. 



Total Points: 89 
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UNITED iTATIS '.ARINE CORPS 

MARINK eOWn IWtTITIjTi. MAHINC RARIIAeKS 
■OX 177(1 
WASHINGTON. O.C. aOOO 



AIR-CONDITKDNINO MECHANIC 
Le&son 3 

Servicing Air-Conditioning Systems 
STUDY ASSIGNMENT: MCI 11.15b, Air-Conditionin. M^ .Wj. .u.^ . . 

LESSON OBJECTIVE: ^^^"^t^^^ °' ^^^^ --^^^^ on-the-job 

training using the principles presented, you will be able to identify the 

^^^^^^^^^^ 

pairing or replacing major compon^nt& within a unit or system. 

WRITTEN ASSIGNMENT: 

A. Multiple Choice: Select the ONE arswer th^t rpct * ... 

Value: 1 point each 

a. During the initial charging 

b. After the system has been run for 48 hours 

c. Right after the system has been uncrated 

d. After the system has been installed but prior to the initial starting 

2. Why should a blee. be provided when installing an evaporative condenser or a cooling tower? 

a. To equalize the pressure across the condenser 

b. To reduce the pressure drop across the condenser 

c. To allow the drainage of the used water 

d. To prevent a buildup of impurities, 

a. Never 

b. Whenever the need for ducts arises 

c. Only if specific approval is given by the manufacturer 
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6. Other than keeping the condenter free from dirt and duet, what is the most important are* 
of prevehtive maintenance to air-conditioning systems? 



«. WhPt should be done to keep copper tubing from hitting on something and causing unnecessary 
noise? 

a, InatkU shorter tubhig 

b. Carefully bend it away from whatever it is hitting 
c; Install vibration absorbers on the unites base 

d. Braze tubing to whatever it iu hitting 

7. What is the most common cause of leaks in an air-conditioning unit ? 

a. Poor workmanship c. Excessive wear 

b. Excessive temperature d. Excessive vibration 

8. A method of leak testing that not only determines If a leak is present but gives the exact 
location Is a • method 

a. positive nonpositive c. special 

9. A special method of leak detection is a method that 

a, indicates a leak is present but does not give its exact location. 

b, can only be used with certain types of refrigerants. 

c, cannot be used in a primary refrigerant circuit. 

10. A haUde torch would be used to test for leaks on systems using which type refrigerant? 

a, F-22 Cr F-290 

b! Ammonia Lithium Bromide 

rU When testing with the halide torch, what color will the flame become whe- a leak is detected? 

a. Blue c. Yellow 

b. Green Red 

12. When preparing to use the halide torch, how should the flame be adjusted? 

a. Small blue flame c. Large blue-green flame 

b, SmaU green fame d. Large reddish-orange flame 

13. When testing with the halide torch, how should the exploring tube be moved over the test 
area? 

a. Quickly, so as not to allow any stray air currents to enter the tube 

b. Quickly, and as close to the area being tested as possible 

c. Slowly, and as close to the area being tested as possible 

d. Slowly, so as not to foul the torch 

14. What is the best positive i^ethod of leak detection when testing under hazardous conditions? 

a. Halide torch c. Pressure or vacuum test 

b. Soap or oil bubble test d. Liquid 



a. Evaporator 
be Filters 



c. Automatic controls 

d. Beltc 
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15. Which test Instrument should be used to determine If the compressor motor has an open 
starting winding? ' 

a. Ammeter c. Multimeter 

b. Galvanometer d. Wattmeter 

18. If the starting winding of a compressor motor is open, what readings, if any, would vou 
get on a wattmeter? a. w^uiu yuu 

. ^J°"^ c. Overswing reading only 

b. Running reading only d. Overswing and running reading only 

17. When preparing to test an air-conditioning unit for continuity or resistance, what should 
you do first? 

a. Discharge any capacitors in the circuit. 

b. Disconnect all power from the circuit to be tested. 

c. Disconnect the wiring from one side of the part to be tested. 

d. Set the selector switch to ohms. 

18. When using the Simpson 260 multimeter to test for voltage, which position should 

the selector point to if the maximum voltage value is unknown? 

a. RXlOO b. 50V C. lOOMA D. 500V 
19.. Which electrical measuring device must always be hooked into the circuit in series? 

a. Multimeter w c. Ammeter 

b. Odometer d. Wattmeter 

20. The electrical measuring device that must always be hooked into a circuit in parallel, wh 
checking for voltage, is the 

a. ammeter. b. hourmeter. c. multimeter. 

21. The multimeter is used to measure resistance, current, and 

a. wattage. b. capacitance. c, voltage. 

22. When installing the bar gage manifold, the compound gage Une is connected to the 

a. suction service valve. C vacuum oump, 

b. discharge service valve. d. refrigerant cylinder. 

23. When connecting the bar gage manifold to a unit for the purpose of obtaining pressure 
readings, the center charge port is 

a. connected to a vacuum pump. c. connected to the suction service valve. 

^ b. capped tightly. d. connected to the discharge service valve. 

24. When installing the bar gage manifold, the pressure gage line is connected to the 

a. suction service valve. c. refrigerant cylinder. 

b. discharge service valve. d. vacuum pump. 

25. When evacuating using the unit's compressor, you must insure that the head pressure does 
not exceed psig. 

a. 150 ■ c. 50 

b. 100 d. 0 
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26* When is evacuation of a unit considered to be complete? 

9 



a. When the head pressure drops to 100 psig 

b. When the pressure gage reads 0 psig 

c. When the compound gage reads 0 psig 

When the compound gage indicates a complete vacuum 

27. Before a unit can be opened for repair you must insure that 

a, the unit is not in a vacuum* 

b* the head pressure is below 100 psig* 

c* all air has been bled from the service hoses« 

d« the king valve is closed* 

28* What is the purpose of pumping down a unit? 

a. To remove the refrigerant from the system without having to discard it 

b. To check pressure tolerances of the evaporator and condenser 

c. To trap the refrigerant in the receiver in order to repair or replace components with- 
out evacuating the system* 

d. To remove air and noncondensibles from the system 

29. When pumping down a unit, you should continue the process until the compound gage indicates 

a. 30 hg* . c. 2 psig. 

b. 0 psig. d, 30 psig. 

30. Once pump-down is completed, which component CANNOT be removed from the unit for re- 
pair? 

a. Compressor c. Metering device 

b. Evaporator d. Condenser 

31. When charging a unit through the high side, how is the refrigerant added to the . system? 

a. In gaseous form through the suction service valve 

. b. In gaseous form through the discharge service valve 

c. In liquid form through the suction service valve 

d. In liquid form through the discharge service valve 

32. When charging a unit through the low side, how is the refrigerant added to the system? 

a. In gaseous form through the suction Service valve 

b. In gaseous form through the discharge service valve 

c. In liquid form through the suction service valve 

d. In liquid form through the discharge service valve 

33. When charging through the low side, what should be done right after the service lines are 
purged? 

a. Tighten all connections at the service valves. , 

b. Adjust compound gage valve so as to maintain pressure at approximately 30 psig. ! 

c. Open the service cylinder valve. 

d. Backseat the suction service valve. 

34. When charging through the high side, the refrigerant charge in the service cylinder must 
be 

a. in gaseous form. 

b. under a lower pressure than in the system. 

c. exact and in liquid form. 

d. cooled to lower the pressure. 
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38, When using the eight glaee to determine the refrigerant charge^ if the eystem is fully 
charged, how will the eight glass appear? 

a. Cloudy c. Misty 

b. Bubbly . d. Clear 

36. Before removing refrigeration oil, the crankcase pressure must be reduced to psU 

•a. 2 ' c. 1/2 

b. 1 d. 1/4 

37. Once the crankcase pressure has been reduced, how is the oil drained from it? 

a. By using a siphon hose c. Through the discharge service valve 

b. By using a vacuum pump d. Through any valve or plug below the oil level 

38. When replacing refrigeration oil in a unit, how much oil should be added at one time? 

a, I pint c. 1/2 pint 

'0. 3/4 pint d, 1/4 pint 

39. Soft- solder joints can be made if the joints are under little or no strain and if they do not 
have to withstand temperatures that exceed ^•F, 

a. 175 c, 250 

b. ZOO d, 300 

40. When making a solder Joint, how is the heat applied? 

a. Directly to the solder 

b. To the solder and the joint c|t the same time 

c. Evenly over the entire Joint area 

d. Just below or above the Joint area 

41. When making a solder Joint, why is flux or soldering paste applied to the joint? 

a. To preven*. oxidation 

b» To keep the solder from nmning 

c. It helps the Joint harden quickly. 

d. To clean the joint before soldering 

42. How should a completed solder Joint be cooled? 

a. With cold water c. Let it cool naturally 

b. With warm water d. Wrap with water soaked rags 

43. You- receive a maintenance call on a self-contained unit with an open-type compressor. 
When you arrive you find that the nr^otor will not run. What could be a possible cause? 

a. Thermostat set too low c. Lack of refrigerant 

b. Belts loose d. Compressor stuck 

44. You receive a maintenance call on an open-type self-contained unit and discover that the 
evaporator is iced and that the unit is cycling on and off. What would be the remedy? 

a. Locate and repair refrigerant leak. 

b. Raise the high/-pres8ure cutout valve setting. 

■c. Defrost evaporator and check filters and fan drive, 
d. Replace or clean the liquid line strainer. 
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45. What would cause a hermetic compressor to run continuously, yet produce no refrlgL-rating 
effect? 

.a." No air circulating over the condenser 

b. Ambient temperature is too high 

c. Thermostatic switch is improperly adjusted 

d. A restriction preventing the refrigerant from entering the av^i|)orator 

46. What would cause a hermetic Compressor to be noisy during operation? 

a. Loose drive belts c, Piston stuck in cylinder 

b. Worn compressor mountings d. Oil on top of the piston 

47. What are the most common causes of bearing trouble? 

a. Dirt or dust between the bearings and the motor shaft 

b. Improper alinement at installation and inadequate lubrication 

c. The motor shaft becomes worn or warped 

d. Extreme friction and wear caused by long periods of motor overload 

48. When removing ball bearings from the shaft, where should you exert pressure? 

a. Only on the inner race *^ 

b. Only on the outer race 

c. Evenly o^er the entire bearing surface 

d. Parallel to the bearing and at right angles to the shaft 

49. If one belt in a set of matched V-belts breaks, you should replace 

a. the broken belt only, 

b. the broken belt and any others that may show excessive wear. . 

c. the entire set« 

50. With the n^-essure of one finger exerted at a point midway between th6 motor pulley and 
the flywhfi'jl, a properly adjusted belt can be depressed to inches. 



51. When testing a compressor for leaks, what would be an indication that the suction service 
valves are leaking? . 

a. Maximum vacuum of 20-25 inches of mercury is reached in 10 min during preliminary 
pump-down. 

b. Maximum vacuum of 20-25 inches of mercury can be held for 5 min. 

c. Maximum vacuum of 20 inches of mercury or more is reached after 15 min of preliminary 



52. After turning the compressor over by hand, at what point should the head pressure remain 
cc. stant to indicate no leaks? 

a. Between 20 and 25 inches of mercury 

b. Between 10 and 15 inches of mercury 

c. Between 50 and 100 psig 
fj. Between 125 and 150 psig 

53. When opening a compressor for repair, what parts should be removed from the unit? 

a, The entire compressor should be disassembled and all parts cleaned and checked. 

b, Only thf? parts necessary to make the repairs 

c, All gaskets plus the parts necessary to make repairs 



a. 1/4 — 1/2 

b. 1/2 3/4 



c. 3/4 — 1 

d. 1—11/4 



pump-down. 
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54. If valve operation is faulty^ what should be replaced? 

a. The faulty valve c. The valve assembly and the head 

b# The entire valve assembly d. Replace the entir^'^^mpressor 

< 

55. What is the best method of testing for a shaft seal leak? 

a. Pressure test c« Halide torch 

b« Liquid leak detector d« Soap solution 

56. In checking a unit with a hermetic compressor, you discover that there Is little or no cool- 
ing in the'evaporator, little or no heating of the condenser, and that once the unit starts the 
wattage is abnormally low. What should this indicate? 

a. An overcharge of oil c. Defective valves 

b« An open running winding d. Defective control circuit 

"57. When checking a hermetic unit, what would excessive compressor noise and vibration, low 
capacity, and continuous high wattage Indicate? 

a. Defective wiring c. Broken valves 

b. Defective mounts d. Overcharge of oil 

58. When removing a hermetic compressor from a unit you discover that the escaping refrigerant 
has a decidedly burned odor^ what does this indicate? 

a. Broken compressor valves c. Shorted stator 

b. Dehydrator stopped up d. Oil on top of the piston 

59. When removing a hermetic compressor from a unit, with which tool should the tubing be cut? 

a. Tube-cutter c. -Hacksaw 

b. Side-cutter * d. Pinchoff tool 

60. After removing a hermetic compressor from a unit, how should moisture and foreign matter 
be kept out of it and loss of oil prevented? 

a. Stuff oxl*soaked rags In tube end openingS\ 

b. Pinch off tubing ends and bend them over, 

c. Tape tube ends closed with friction tape. 

d. Place the compressor in a moisture-free, dirt-proof container, 

61. Whenever a condenser is removed from a unit for cleaning or repair, what other component 
should be replaced? 

a. Condenser-to-receiver line c. Receiver 

b. Discharge line d* Dehydrator 

62. What in the best way to clean the internal surfaces of a double pipe, .water-cooled condenser? 

a. Superheated steam c» Muriatic solution 

D. Caustic soda solution d. Special rods and brushes 

63. How is a leak repaired In an evaporator which is constructed of aluminum? 

a. Soldering c, Epoxy cement 

b. Brazing d. Evaporator sealing compound 

64. What should be done* with an evaporator that has become stopped up due to oil carbonization? 

a. Replace it. c. Clean it with a mild muriatic solution, 

b. Clean it with superheated steam, d. Clean it with a strong caustic soda solution, 
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AIR -CONDITIONING MECHANIC 
Lesson 4 

Commercial and Tactical Air-Conditioning Units 

STUDY ASSIGNMENT: MCI ll.lSb. Air- Conditioning Mechanic, chap 4, 

LESSON OBJECTIVE: Upon successful Completion of this lesson combined with on-the-job 

training, you will be able to: identify the steps of installing, perform- 
ing preventive maintenance on, and repair procedures for air-conditioning 
• systems; identify the sequence of steps for testing air-conditioning 

systems; identify the nomenclature of air-conditioning equipment peculiar 
to the Marine Corps and how it functions; identify safety precautions per- 
taining to air-conditioning systems and related equipment, 

WRITTEN ASSIGNMENT: ^ " 

A. Multiple Choice: Select the ONE answer which BEST completes the statement or answers the 
question. After the corresponding number on the answer sheet, blacken the appropriate box. 

Value: 1 point each 

1. The refrigerant in a window or through -the-wall air conditioner is controlled by which 
valve? 



a. Thermostatic c. Throttle 

b. Solenoid • d. Automatic-expansion capillary 

2. Commercial window units operate on circuits. 

a, 120-v or 220-v single-phase c. 208-v three-phase 

b. 120-v or 220-v three-phase d. 115«v single -phase 

3. You are given the job of installing an air conditioner in a barracks window. After getting 
the unit and materials ready, what is your first step? 

a. Fit the entire unit into the window opening. 

b. Secure the housing in the window opening. 

c. Remove the unit from its housing (cabinet). 

d. Securely fasten the braces and brackets. 



4. Window units use separate airflows. 

a. 5 c. 3 

b. 4 (1, 2 
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5. How oftetj should the filter be checkod on a window unit? 

a. Every 6 months c. Every 3 months 

b. Every 4 months d. Every month 

6. Coiisole air conditioners are usually constructed with the condensing unit in the section, 

a. middle c. lower 

b. side d. top 
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7, Wlat &re the three systems In the military standard alr-conditloners? 

a, Refrigerationi evaporator, and automatic 

b. Tliermostatic. ^condensing, and refrigeration 
G. Refrigeration, electricali andair*k dling 

Electrical, air«handllng, and motor 

8, The voltage in the control system of the military standard air -conditioners, is routed 
through a rectifier, 

a. 160-v a. c, c, 180-v d, c. 

to. 220-va.c, d, 187-vd,c, 

9, The heating capacity in Btuh of the A/E 32C-26 is 

a. 4,400. c. 28,600. 

b. 12.300. d. 47,100. 

10. The A/E 32C-17 alr-conditloaer operates on 60 Hz power; the A/E 32C-18 operates on 

Hz. 

a. 60 c. 208 

b. 115 d. 400 

11. What is the maximum weight In pounds of the A/E 32C-24? 

a. 150 • c. 445 

b. 225 d. 585 

12. A feature of the A/E 32C-39 air-conditioning unit Is that it Is constructed with a 

a. lightweight frame, c. ruggedlzed frame. 

b. "horizontal** type frame. d. wooden frame, 

13. The evaporator fan motor on the A/E 32C-27 air-condltloning unit operates on either 
Kz. 

a. 60 or 115 c. 115 or 208 

b, 60 or 400 d, 115 or 400 

14. Thi coollnL capacity of the A/B 32C-18 is Btuh, 

a. 18,000 c. 36,000 

b. 20,000 d, 40, 000 

15. The control switch on the A/E 32C-29 alr-condltloning unit has posltlon(s), 

a. 1 c. 5 . 

b, 3 d. 7 

16. When does the system transfer to the bypass operation? 

a. When the compressor and fan motors are energized 

b. When the air temperature rises above the thermostat setting 

c. During the cooling cycle 

d. When the conditioned air thermostat is satisfied 
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17« When the air temperature rises above the thermostat settings the system will 

a* transfer to the heating cycle. c. de-energize the compressor, 

b. transfer to the ccoling cycle, d, transfer to the bypass operation, 

18, During the cooling cycle the liquid refrigerant iB metered into the evaporator through a 
valve. 

a. hand expansion c, automatic-expansion 

b« capillary d, thermostatic expansion 

19, If the liquid bypass valve fails to open it would cause the compressor to 

a. freeze up. ■ c, overheat, 

b. stop. J d, short cycle, 

20, When the selector switch is set to OFF, power is supplied only to the 

a, compressor motor, c, crankcase heater. 

b. fan motor, d* control panel, 

21« When installing an air conditioner in the through -the -wall method, a hole, 1/4" larger 
than the outside dimensions of the unit, is cut in the wall. What is the purpose of making 
this hole larger? 

a. Reduce noise c« Facil^.tate draiimge 

b. Prevent vibration d, racilitate electrical connections 

22, The purpose of the NPT drain is to 

a. drain off excess refrigerant, c. drain off condensation, 

b, dra^n off excess oil, 

23« How long must the unit be in the upright position prior to running refrigerant system? 

a. 6 hr c, 10 hr 

b. 8 d, 12 hr 

24* The unit should be sitting at level position, but will operate satisiactorily sitting at a 
angle. 

a. 8. 5* c. 3* 

b. 5* d. 1,5* 

25, When the selector switch Is on LO HEAT, one bank of the electrical heaters is inoperative 
and the other is under .e control of the 

a. conditioned air thermostat. c* evaporator fan motor. 

b. compressor, d« expansion valve. 

26, The temperature control ranges from 

a. -20^ to eO^F, c. 40O to 950F. 

b. 40O to 90O F. d, 50^ to lOO^F. 
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27. When the NBC system Is in use, the fresh air inlet damper must be 



a, closed. c. up. 

b. open. d. down. 



28, Except for the two smallest units, the outside air thermostat is set to cut out at 



ambient temperature. 




29. The high temperature control cuts out at 



®F and automatically resets at 



a. 156 200 

b. 180—134 



c. 194 — 140 

d. 225 240 



30. How often should the piping be checked for leaks using the halide leak detector? 



a. Daily 

b. Weekly 



c . Mon hly 

d. Kvery 6 months 



31. ^at would cause the compressor not to start? 

a. Fan motor failure 

b. Defective high temperature thermostat 

c. High head pressure 

d. Outside air temperature below O^'F 

32. 7;o determine if the circuit breaker is defective, you would attach two insulated jumper 
wired, one to each of the terminals. 

a. two Bide c. middle 

b. two upper d. two lower 

33. Excessive floodback of refrigerant will damage the 

a, compressor. c, condenser, 

b* evaporator. d. motor. 

34. While energizing tbe refrigerant solenoid valve, if it fails to slick, what should you check? 




a» Comprrssor motor and condenser fan motor 

b. Evapo* itor motor and control panel 

c. Coil coimection and the coil wiring 



35. If the outdoor ambient temperature is 50''F, the suction pressure should read 



a. 58-65 psi, 

b. 58-70 psi. 



c. 125-160 psi. 

d. 175-210 psi. 



36. What would be the second step in removing the control panel? 



a. Remove front panel 

b» Disconnect harness connector 



c, Loosen clamp screw 

d, Remove evaporator air intake grille and fiUer 
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37t When using air conditioners In FMF applications, what method of installation does the 
Marine Corps recommend? 

a. Through-the-wali c. Window mount 

b. Interior mount d. Skid mount 

38« Which method of Installing an air conditioner would allow the greatest ease of accessibility 
for maintenance ? 

a. Window mount c. Through-the-wall 

b. Skid mount d. Interior mount 



B True • Falise: In the cluster true-false group of Itema below, use answer sheet column a 
for true and column b for false. 



Value: 1 point each 



The Marine Corps military standard air conditioners share certain characteristics. 
Some of these include: 

39» All componerts are completely interchangeable in conditioners of the same capacities. 

40, The control psnel is designed so that it can be removed for remote operation. 

41, The flow of fresh air is automatically controlled by the damper, 

42, The conditioners are designed to operate in excess of 4, 000 hours without a major overhaul. 

43, The evaporator sections are insulated v/ixh foam rubber to nalnimlze internal heat loss* 

C. Multiple Choice; Select the ONE answer which BEST completes the statement or answers the 
question. After the corrtaponding number on the answer sheet, blacken tlie appropriate 
box. 



Value: 1 point each 



44.' What is the cooling capacity in Btu's of the MC9HAL6-208 7 

a, 7,000 c, 12,000 

b. 9,000 d. 18,000 



45, You have just uncrated an MC9HAL6-208 air conditioner and are checking it out. Which 
of the following components is NOT part of the initial check? 



a. Evaporator 

b. Condenser 



c. Fan motors 

d. Compressor 



46, What is the f action of the control at C on the accompanying illustration? 

a. It op A.t>x clc^is the damper, <^ 

b. It sel' . C'if" mode of operation, 
o. It controls the temperature setting, 
d. It selects the lan speed. 
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47, The air-conditioner operates, but does not cool down as it should. Which of the following 
would be a orobable cause? 

a. Loose electrical connection c. Too much outside air entering unit 

b. Defective evaporator d. Defective circuit breaker 

48, How often should the fresh air screen on the MC9HAL6-208 be serviced? 

a. Daily c, Monthly 

b. Weekly d. Quarterly 

49, The compressor starts but goes out on overload. You check it and determine that the 
refrigerant control valve is defective. Wliat is the lowest echelon of maintenance that 
is authorized to repair or replace the. valve? 

a. .2d c. 4th 

b. 3d d. 5th 

50, What must the air-conditioning mechanic do before servicing electrical equipment? 

a. Fill out the safety form. c. Build a working platform. 

b. Make sure unit is grounded. d. Disconnect the units power source, 

51, If a Marine air-conditioning mechanic accidently swallows some solvent, what should he do? 

a. Seek immediate medical attention c. Drink warm milk 

b. Use his finger to make himself vomit d. Drink large amounts of water 

52, What first aid measure should be administered to a victim of electrical shock whose breathing 
has stopped? 

a. Apply closed heart massage c. Keep victim warm 

b. Apply artificial respiration d. Elevate the lower limbs 

53, Where should the Marine air-conditioning mechanic refer to for further details and instructions 
on first aid measures? 

a. Er.gineer records manual c. Marine's Handbook on squad tactics 

b. Marine's Handbook on essential subjects 
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